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e Serial Peripheral Interface e Flexible Architecture
- Standard SPI: SCLK, /CS, SI, SO, /WP, /HOLD - Sector of 4K-byte
- Dual SPI: SCLK, /CS, 100, 101, /WP, /[HOLD - Block of 32/64K-byte
- Quad SPI: SCLK, /CS, 100, 101, 102, 103
- QPI: SCLK, /CS, 100, 101, 102, 103 e Low Power Consumption

- DTR (Double Transfer Rate) Read

- 50pA typical stand-by current
- 3 or 4-Byte Addressing Mode

- 3pA typical power-down current

e Read e Software/Hardware Write Protection
- Allows XIP (execute in place) Operation - 3x1024-Byte Security Registers with OTP Locks
- Continuous Read with 8/16/32/64-byte Wrap - Discoverable Parameters (SFDP) register
- Support for Data Strobe function (DQS Pin, DQS - Enable/Disable protection with /WP Pin
Disable Default) - Top/Bottom, Complement array protection

- Individual Block Memory Protection

e Program e Temperature Range

- Serial-input Page Program up to 256bytes - Industrial (-40°C to +85°C)
- Program Suspend and Resume

e Erase eSingle Supply Voltage
- Block Erase (64/32 KB) - Full voltage range: 1.65~1.95V
- Sector Erase (4 KB)
- Chip Erase

- Erase Suspend and Resume

e High Speed Clock Frequency e Cycling Endurance/Data Retention
- Normal Read (Serial): 80 MHz clock rate - Typical 100k Program-Erase cycles on any
- 166MHz for fast read sector
- Dual I/O Data transfer up to 400Mbits/s with DQS - Typical 20-year data retention

- Quad I/O Data transfer up to 800Mbits/s with DQS
- QPI Mode Data transfer up to 800Mbits/s with DQS

- DTR Data transfer up to 1600Mbits/s with DQS

e Program/Erase Speed e Package Information
- Page Program time: 0.3ms typical - SOP16 - 300mil
- Sector Erase time: 30ms typical - WSONS8 - 6*8mm
- Block Erase time: 70/110ms typical - TFBGA6*8mm-24Ball (5x5 ball array)

- Chip Erase time: 50s typical
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1. DESCRIPTION

The BY25FQM1GEL is (4%x256M-bit) Serial MCP (Multi Chip Package) Flash memory is based on
the popular BY25Q series by stacking two individual BY25FQ256EL die into a standard 8-pin
package. It offers the highest memory density for the low pin-count package, as well as
Concurrent Operations in Serial Flash memory for the first time. The BY25FQM1GEL is ideal for
small form factor system designs, and applications that demand high Program/Erase data
throughput.

The BY25FQM1GEL introduces a new “Software Die Select (C2h)” instruction, and a factory
assigned “Die ID#” for each stacked die. Each BY25FQ256EL die can be accessed independently
even though the interface is shared. The BY25FQM1GEL only allows a single die to be Active and
have control of the SPI interface at any given time to avoid bus contention.

The BY25FQM1GEL supports the Dual/Quad SPI: Serial Clock, Chip Select, Serial Data 1/00 (SI),
I/01 (SO), I/02 (/WP), and /O3 (/HOLD), Reset; and supports the QPI: Serial Clock, Chip Select,
I/00, 1/01, /02, and 1/03, Reset; The Dual I/O data is transferred with speed of 400Mbits/s and
the Quad /0 & Quad output & QPI data is transferred with speed of 800Mbits/s. The Double
Transfer Rate (DTR) Read is transferred with speed of 1600Mbits/s. The device uses a single low
voltage power supply, ranging from 1.65 Volt to 1.95 Volt. Additionally, the device supports JEDEC
standard manufacturer and device ID and three 1024-bytes Security Registers.

In order to meet environmental requirements, Boya Microelectronics offers 16-pin SOP16 300mil,
8-pad WSONS8 6*8mm, TFBGA6*8mm-24Ball (5x5 ball array) , and other special order packages,
please contacts Boya Microelectronics for ordering information.

Figure 1. Logic diagram
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SI —
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Figure 2. Pin Configuration WSONS8 6*8mm

QA-DT-174
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Figure 3. Pin Configuration SOP16 300mil
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Figure 4. Pin Configuration TFBGA6*8mm-24Ball (5x5 ball array)
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2. SIGNAL DESCRIPTION

2.1 Serial MCP Device Configuration

Figure 5. BY25FQM1GEL Device Configuration

BY25FQ256 BY25FQ256 100
—
BY25FQ256 BY25FQ256

101

/cs [ [ ]
102

SCLK .r ¥J
— Die #1 Die #3 103

/RESET* Die #0 j E Die #2 ]

BY25FQM1G

* /RESET pin is available on

SOP16 and TFBGA packages

All signal pins are shared by the stacked dies within the package. Each die is assigned a “Die ID#’
in the factory. Only a single die is active at any given time, and have the control of the SPI bus to
communicate with the external SPI controller. However, all the dies will accept two instructions
regardless their Active or Idle status: 1) “Software Die Select (C2h)” instruction; it is used to set
any single die to be active according to the 8-bit Die ID following the instruction. 2) “Software
Reset (66h + 99h)” instruction & Hardware Reset; it is used to reset all the stacked dies to their
power-up state.

During all operations, VCC must be held stable and within the specified valid range: VCC (min) to
VCC (max).

All of the input and output signals must be held High or Low (according to voltages of VIH, VOH,
VIL or VOL, see DC Electrical Characteristics). These signals are described next.

BYT Semiconductor 8/153 BY25FQM1GEL
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2.2 Input/Output Summary

Table 1. Signal Names

Pin Name /0 Description
/CS I Chip Select
SO (101) /0 Serial Output_for single bit data Instructions. 101 for Dual or
Quad Instructions
Write Protect in single bit or Dual data Instructions. 102 in
Quad mode. The signal has an internal pull-up resistor and
dilg (o2 e may be left unconnected in the host system if not used for
Quad Instructions
VSS Ground
sl (100) /o Serial Input fpr single bit data Instructions. 100 for Dual or
Quad Instructions
SCLK I Serial Clock
Hold (pause) serial transfer in single bit or Dual data
Instructions when QE=0, HOLD/RST=0. |03 in Quad-1/O/QPI
™) mode. Also can be configured either as a /RESET pin when
(O RIRISESI (k) 1o QE=0, HOLD/RST=1. The signal has an internal pull-up
resistor and may be left unconnected in the host system if not
used for Quad Instructions
/RESET™ I Reset input
VCC Core and I/O Power Supply
DQS® o] Data Strobe Signal Output

Notes:
1. Two reset functions exist in 16-pin SOP16 300mil and TFBGA6*8mm-24Ball (5x5 ball
array) packages at the same time
2. The Data Strobe Signal (DQS) is used in 16-pin SOP16 300mil and TFBGA6*8mm-24Ball
(5x5 ball array) packages

2.3 Chip Select (/CS)

The chip select signal indicates when an instruction for the device is in process and the other
signals are relevant for the memory device. When the /CS signal is at the logic high state, the
device is not selected and all input signals are ignored and all output signals are high impedance.
Unless an internal Program, Erase or Write Status Registers embedded operation is in progress,
the device will be in the Standby Power mode. Driving the /CS input to logic low state enables the
device, placing it in the Active Power mode. After Power Up, a falling edge on /CS is required prior
to the start of any instruction.

2.4 Serial Clock (SCLK)

This input signal provides the synchronization reference for the SPI interface. Instructions,
addresses, or data input are latched on the rising edge of the SCLK signal. Data output changes
after the falling edge of SCLK.

2.5 Serial Input (S1)/100

This input signal is used to transfer data serially into the device. It receives instructions, addresses,
and data to be programmed. Values are latched on the rising edge of serial SCLK clock signal.

Sl becomes 100 an input and output during Dual and Quad Instructions for receiving instructions,
addresses, and data to be programmed (values latched on rising edge of serial SCLK clock signal)
as well as shifting out data (on the falling edge of SCLK).

BYT Semiconductor 9/153 BY25FQM1GEL
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2.6 Serial Data Output (SO)/101

This output signal is used to transfer data serially out of the device. Data is shifted out on the
falling edge of the serial SCLK clock signal.

SO becomes |01 an input and output during Dual and Quad Instructions for receiving instructions,
addresses, and data to be programmed (values latched on rising edge of serial SCLK clock signal)
as well as shifting out data (on the falling edge of SCLK).

2.7 Write Protect (/WP)/102

When /WP is driven Low (VIL), while the Status Register Protect bits (SRP1 and SRPO0) of the
Status Registers (SR2[0] and SR1[7]) are set to 0 and 1 respectively, it is not possible to write to
the Status Registers. This prevents any alteration of the Status Registers. As a consequence, all
the data bytes in the memory area that are protected by the Block Protect, BP4, BP3 bits in the
status registers, are also hardware protected against data modification while /WP remains Low.
The /WP function is not available when the Quad mode is enabled (QE) in Status Register 2
(SR2[1]=1).

The /WP function is replaced by 102 for input and output during Quad mode for receiving
addresses, and data to be programmed (values are latched on rising edge of the SCLK signal) as
well as shifting out data (on the falling edge of SCLK). /WP has an internal pull-up resistance;
when unconnected; /WP is at VIH and may be left unconnected in the host system if not used for
Quad mode.

2.8 HOLD (/HOLD) /RESET /103

The /HOLD function is only available when QE=0, which can be configured either as a /HOLD pin
or as a /RESET pin depending on Status Register setting. If QE=1, the /HOLD function is disabled,
the pin acts as dedicated data /O pin, and the /HOLD or /RESET function is not available.

When QE=0 and HOLD/RES= 0, the /HOLD signal goes low to stop any serial communications
with the device, but doesn’t stop the operation of write status register, programming, or erasing in
progress.

The operation of HOLD, need /CS keep low, and starts on falling edge of the /HOLD signal, with
SCLK signal being low (if SCLK is not being low, HOLD operation will not start until SCLK being
low). The HOLD condition ends on rising edge of /HOLD signal with SCLK being low (If SCLK is
not being low, HOLD operation will not end until SCLK being low).

29 RESET

The /RESET pin in 16-pin SOP16 300mil and TFBGA6*8mm-24Ball (5x5 ball array) packages
allows the device to be reset by the controller.

2.10 VCC Power Supply

VCC is the supply voltage. It is the single voltage used for all device functions including read,
program, and erase.

2.11 VSS Ground
VSS is the reference for the VCC supply voltage.
2.12 Data Strobe Signal (DQS)

Data Strobe Signal Output. DQS is used in 16-pin SOP16 300mil and TFBGAG6*8mm-24Ball
(5x5 ball array) packages.
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3. BLOCK/SECTOR ADDRESSES

Table 2. Block/Sector Addresses of BY25FQ256EL of BY25FQM1GEL

QA-DT-174
Rev. 1.2

. Sector
Memory | Big Block Block Block .
Density | (4Mbit) | (64k byte) | (32k byte) | Sector No. (S‘K'f;) (RERITEED EMER
Sector 0 4 0000000h-0000FFFh
Half block i i i
0 : : :
Block 0 Sector 7 4 0007000h-0007FFFh
Sector 8 4 0008000h-0008FFFh
Half block
1 : 4 :
Sector 15 4 000F000h-000FFFFh
Big Block ; ; :
0 : : :
Sector 112 4 0070000n-0070FFFh
Half block : :
14 : : :
Block 7 Sector 119 4 0077000n-0077FFFh
Sector 120 4 0078000n-0078FFFh
Half block - A A
15 : : :
Sector 127 4 007F000h-007FFFFh
256Mbit : : :
Sector 8064 4 1F80000h-1F80FFFh
Half block : )
1008 - . .
Block 504 Sector 8071 4 1F87000h-1F87FFFh
Sector 8072 4 1F88000h-1F88FFFh
Half block - A A
1009 - . .
Sector 8079 4 1F8F000h-1F8FFFFh
Big Block : :
63 : : :
Sector 8176 4 1FF0000h-1FFOFFFh
Half block - A A
1022 : . .
Sector 8183 4 1FF7000h-1FF7FFFh
Block 511
Sector 8184 4 1FF8000h-1FF8FFFh
Half block ] i
1023 : : :
Sector 8191 4 1FFFO00h-1FFFFFFh
Notes:
1. Big Block = Uniform Big Block, and the size is 8M bits.
2. Block = Uniform Block, and the size is 64K bytes.
3. Half block = Half Uniform Block, and the size is 32k bytes.
4. Sector = Uniform Sector, and the size is 4K bytes.

BYT Semiconductor

11/153

BY25FQM1GEL




ir. BYT QA-DT-174
W BY .
. Semiconductor Rev. 1.2

4. SPI/QPI OPERATION

Figure 6. BY25FQM1GEL Serial Flash Memory Operation Diagram
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4.1 Stacked Die Operations

Once the device is power on, Die #0 will be active and have control of the SPI bus. “Software Die
Select (C2h)” instruction followed by the 8-bit Die ID can be used to select the active die. The
active die is available to accept any instruction issued by the controller and perform specific
operations. The inactive/idle die does not accept any other instructions except the “Software Die
Select (C2h)”, “Software Reset (66h + 99h)” and Hardware Reset. However, the inactive/idle die
can still perform internal Program/Erase operation which was initiated when the die was active.
Therefore, “Read (on Active die) while Program/Erase (on Idle die)” and “Multi-die Program/Erase
(both Active & Idle dies)” concurrent operations are feasible in the BY25FQM512. “Software Die
Select (C2h)” instruction will only change the active/idle status of the stacked dies, and it will not
interrupt any on-going Program/Erase operations.

Because the device working modes (SPI, QPI) of Die #0 and Die #1 may be different when
selecting the active die, it is necessary to adopt different “Software Die Select (C2h)” instruction
sending methods according to the specific situation, which is shown in

Table 3.

BYT Semiconductor 12/153 BY25FQM1GEL



QA-DT-174
Rev. 1.2

Table 3. Instructions for using Software Die Select instruction in different modes

Situation Description Operation

1. Send “Software Die Select (C2h)”
instruction directly in SPI mode followed
by the 8-bit Die ID (another inactive/idle
Die# in SPI mode).

1. Send “Software Die Select (C2h)”
instruction in SPI mode followed by the
8-bit Die ID (another inactive/idle Die# in

Select from active Die# in SPI
SPI—SPI mode to another inactive/idle
Die# in SPI mode.

Select from active Die# in SPI QPI mode).
SPI—QPI mode to another inactive/idle _
Die# in QPI mode. 2. Send “Software Die Select (C2h)’

instruction in QPl mode followed by the
8-bit Die ID (another inactive/idle Die# in
QPI mode).

1. Send “Software Die Select (C2h)”
instruction in QPI mode followed by the

Select from active Die# in 8-bit Die ID (another inactive/idle Die# in
QpPl-sp; | QP! mode to  another SPI mode).
inactive/idle Die# in SPl| 2 gend “Software Die Select (C2h)”
mode. instruction in SPI mode followed by the
8-bit Die ID (another inactive/idle Die# in
SPI mode).
Select from active Die# in | 1. Send “Software Die Select (C2h)”
QPI—QPI QPI mode to another instruction directly in QPI mode followed
inactive/idle Die# in QPI by the 8-bit Die ID (another inactive/idle
mode. Die# in QPI mode).

Because the “Software Reset (66h + 99h)” instruction cannot be accepted at the same time in
different working modes (SPI, QPI), in order to correctly reset both Die #0 and Die #1, please send
the “Software Reset (66h + 99h)” instruction according to the methods shown in Table 4.

Table 4. Instructions for using Software Die Select instruction in different modes

Situation Description Operation
(SPI.SPI) The Die #0 and Die #1 bothin | 1. Send “Software Reset (66h + 99h)”
’ SPI| mode. instruction directly in SPI mode.
1. Send “Software Reset (66h + 99h)”
instruction directly in SPI mode to reset
(SPI.QPI) E?:#Ezl?nig)l;lnn?;dlemode and Die #0.
’ 2. Send “Software Reset (66h + 99h)”
instruction directly in QPl mode to reset
Die #1.
1. Send “Software Reset (66h + 99h)”
instruction directly in QPl mode to reset
(QPI.SPI) E?:#[:I?n#soli:lnm%zlem()de and Die #0.
: 2. Send “Software Reset (66h + 99h)”
instruction directly in SPI mode to reset
Die #1.
(QPI.QPI) The Die #0 and Die #1 bothin | 1. Send “Software Reset (66h + 99h)”
’ QPI mode. instruction directly in QPI mode.

Because the Hardware Reset mode of /HOLD Pin cannot be used when QE bit=1 or
HOLD/RES=0. SO when using /HOLD pin reset both Die #0 and Die #1 at the same time, please
ensure QE bit=0 and HOLD/RES=1 of Die #0 and Die #1.
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Because the Hardware Reset mode of independent /RESET pin can be used normally in all
situations. Therefore, it is can to reset both Die #0 and Die #1 directly at the same time using the
/RESET pin.

Because the Hardware Reset mode of JEDEC Standard Hardware Reset can be used normally in
all situations. Therefore, it is can to reset both Die #0 and Die #1 directly at the same time using
the JEDEC Standard Hardware Reset.

4.2 Standard SPI Instructions

The BY25FQM1GEL features a serial peripheral interface on 4 signals bus: Serial Clock (SCLK),
Chip Select (/CS), Serial Data Input (Sl) and Serial Data Output (SO). Both SPI bus mode 0 and 3
are supported. Input data is latched on the rising edge of SCLK and data shifts out on the falling
edge of SCLK.

4.3 Dual SPI Instructions

The BY25FQM1GEL supports Dual SPI operation when using the “3BH”, “3CH”, “BBH”, “BCH”,
and “92H” instructions. These instructions allow data to be transferred to or from the device at two
times the rate of the standard SPIl. When using the Dual SPI instruction the SI and SO pins
become bidirectional 1/0 pins: 100 and 101.

4.4 Quad SPI Instructions

The BY25FQM1GEL supports Quad SPI operation when using the “6BH”, “6CH”, “EBH”, “EDH”,
“ECH”, “94H”, “32H”, and “34H” instructions. These instructions allow data to be transferred to or
from the device at four times the rate of the standard SPI. When using the Quad SPI instruction
the Sl and SO pins become bidirectional I/O pins: 100 and 101, and /WP and /HOLD pins become
I02 and 103. Quad SPI instructions require the non-volatile Quad Enable bit (QE) in Status
Register to be set.

4.5 QPI Instructions

The BY25FQM1GEL supports Quad Peripheral Interface (QPI) operations only when the device is
switched from Standard/Dual/Quad SPI mode to QPI mode using the “Enter QPI (38h)” instruction.
The typical SPI protocol requires that the byte-long instruction code being shifted into the device
only via Sl pin in eight serial clocks. The QPI mode utilizes all four IO pins to input the instruction
code, thus only two serial clocks are required. Standard/Dual/Quad SPI mode and QPI mode are
exclusive. Only one mode can be active at any given time. “Enter QPI (38h)” and “Exit QPI (FFh)”
instructions are used to switch between these two modes. Upon power-up or after a software reset
using “Reset (99h)” instruction or Hardware Reset, the default state of the device is
Standard/Dual/Quad SPI mode. To enable QPI mode, the non-volatile Quad Enable bit (QE) in
Status Register-2 is required to be set. When using QPI instructions, the Sl and SO pins become
bidirectional 100 and 101, and the /WP and /HOLD pins become 102 and 103 respectively. See
Figure 6 for the device operation modes.

4.6 DTR Instructions

The BY25FQM1GEL supports DTR operation when using the “DTR Quad I/0O Fast Read”
(EDH/EEH) instructions or the “Burst Read with Wrap (0Ch)” instruction. These instructions allow
data to be transferred to or from the device at eight times the rate of the standard SPI, and data
output will be latched on both rising and falling edges of the serial clock. When using the DTR
instructions the Sl and SO pins become bidirectional I/O pins: 100 and I01.
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4.7 3-Byte/4-Byte Address Modes

The BY25FQM1GEL provides two Address Modes that can be used to specify any byte of data in
the memory array. The 3-Byte Address Mode is backward compatible to older generations of serial
flash memory that only support up to 128M-bit data. To address the 256M-bit or more data in
3-Byte Address Mode, Extended Address Register must be used in addition to the 3-Byte
addresses.

4-Byte Address Mode is designed to support Serial Flash Memory devices from 256M-bit to
32G-bit. The extended Address Register is not necessary when the 4-Byte Address Mode is
enabled.

Upon power up, the BY25FQM1GEL can operate in either 3-Byte Address Mode or 4-Byte
Address Mode, depending on the Non-Volatile Status Register Bit ADP (S17) setting. If ADP=0,
the device will operate in 3-Byte Address Mode; if ADP=1, the device will operate in 4-Byte
Address Mode. The factory default value for ADP is O.

To switch between the 3-Byte and 4-Byte Address Modes, “Enter 4-Byte Address Mode (B7h)” or
“Exit 4-Byte Address Mode (E9h)” instructions must be used. The current address mode is
indicated by the Status Register Bit ADS (S16).

BYT Semiconductor 15/153 BY25FQM1GEL
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5. OPERATION FEATURES

5.1 Supply Voltage
5.1.1 Operating Supply Voltage

Prior to selecting the memory and issuing instructions to it, a valid and stable VCC voltage within
the specified [VCC(min), VCC(max)] range must be applied (see Electrical Characteristics). In
order to secure a stable DC supply voltage, it is recommended to decouple the VCC line with a
suitable capacitor (usually of the order of 10nF to 100nF) close to the VCC/VSS package pins.
This voltage must remain stable and valid until the end of the transmission of the instruction and,
for a Write instruction, until the completion of the internal write cycle (tW).

5.1.2 Power-up Conditions

When the power supply is turned on, VCC rises continuously from VSS to VCC. During this time,
the Chip Select (/CS) line is not allowed to float but should follow the VCC voltage, it is therefore
recommended to connect the /CS line to VCC via a suitable pull-up resistor.

In addition, the Chip Select (/CS) input offers a built-in safety feature, as the /CS input is edge
sensitive as well as level sensitive: after power-up, the device does not become selected until a
falling edge has first been detected on Chip Select (/CS). This ensures that Chip Select (/CS) must
have been High, prior to going Low to start the first operation.

5.1.3 Device Reset

In order to prevent inadvertent Write operations during power-up (continuous rise of VCC), a
power on reset (POR) circuit is included. At Power-up, the device does not respond to any
instruction until VCC has reached the power on reset threshold voltage (this threshold is lower
than the minimum VCC operating voltage defined in Power-up Timing).

When VCC is lower than Vw, the device is reset.
5.1.4 Power-down

At Power-down (continuous decrease in VCC), as soon as VCC drops from the normal operating
voltage to below the power on reset threshold voltage(Vw), the device stops responding to any
instruction sent to it. During Power-down, the device must be deselected (Chip Select (/CS) should
be allowed to follow the voltage applied on VCC) and in Standby Power mode (that is there should
be no internal Write cycle in progress).

5.2 Active Power and Standby Power Modes

When Chip Select (/CS) is Low, the device is selected, and in the Active Power mode. The device
consumes ICC.

When Chip Select (/CS) is High, the device is deselected. If a Write cycle is not currently in
progress, the device then goes in to the Standby Power mode, and the device consumption drops
to ICC1.

5.3 Hold Condition

When QE=0, HOLD/RST=0, the Hold (/HOLD) signal is used to pause any serial communications
with the device without resetting the clocking sequence. During the Hold condition, the Serial Data
Output (SO) is high impedance, and Serial Data Input (SI) and Serial Clock (SCLK) are Don’t Care.
To enter the Hold condition, the device must be selected, with Chip Select (/CS) Low. Normally,
the device is kept selected, for the whole duration of the Hold condition. Deselecting the device
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while it is in the Hold condition, has the effect of resetting the state of the device, and this
mechanism can be used if it is required to reset any processes that had been in progress.

The Hold condition starts when the Hold (/HOLD) signal is driven Low at the same time as Serial
Clock (SCLK) already being Low (as shown in in Figure 7).The Hold condition ends when the Hold
(HOLD) signal is driven High at the same time as Serial Clock (C) already being Low. in Figure 7
also shows what happens if the rising and falling edges are not timed to coincide with Serial Clock
(SCLK) being Low.

Figure 7. Hold condition activation

/CS

SCLK

/HOLD
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5.4 Software Reset & Hardware RESET
5.4.1 Software Reset

The BY25FQM1GEL can be reset to the initial power-on state by a software reset sequence,
either in SPI mode or QPI mode. This sequence must include two consecutive instructions: Enable
Reset (66h) & Reset (99h). If the instruction sequence is successfully accepted, the device will
take approximately 300uS (tRST) to reset. No instruction will be accepted during the reset period.

5.4.2 Hardware Reset ({HOLD pin or /RESET pin)

The BY25FQM1GEL can also be configured to utilize hardware /RESET pin. The HOLD/RST bit in
the Status Register-3 is the configuration bit for /[HOLD pin function or /RESET pin function. When
HOLD/RST=0 (factory default), the pin acts as a /HOLD pin as described above; when
HOLD/RST=1, the pin acts as a /RESET pin. Drive the /RESET pin low for a minimum period of
tRST ™ will reset the device to its initial power-on state. Any on-going Program/Erase operation
will be interrupted and data corruption may happen. While /RESET is low, the device will not
accept any instruction input.

If QE bit is set to 1, the /HOLD or /RESET function will be disabled, the pin will become one of the
four data 1/O pin.

For the 16-pin SOP16 300mil and TFBGA6*8mm-24Ball (5x5 ball array) package, BY25FQM1GEL
provides a dedicated /RESET pin in addition to the /HOLD/RST (IO3) pin. Drive the /RESET pin
low for a minimum period of tRST (M will reset the device to its initial power-on state. The
HOLD/RST bit or QE bit in the Status Register will not affect the function of this dedicated /RESET

pin.
Hardware /RESET pin has the highest priority among all the input signals. Drive /RESET low for a
minimum period of 1us (") will interrupt any on-going external/internal operations, regardless the
status of other SPI signals (/CS, CLK, 10s, /WP and /HOLD).

Notes:

1.  While a faster /RESET pulse (as short as a few hundred nanoseconds) will often reset
the device, a 1us minimum pulse is recommended to ensure reliable operation.

2. There is an internal pull-up resistor for the dedicated /RESET pin on the 16-pin SOP16
300mil and TFBGA6*8mm-24Ball (5x5 ball array) packages. If the reset function is not
used, this pin can be left floating in the system.

5.4.3 Hardware Reset (JEDEC Standard Hardware Reset)

The BY25FQM1GEL supports JEDEC Standard Hardware Reset. The JEDEC Standard
Hardware Reset sequence can also be used to reset the device to its power on state without
cycling power.

The reset sequence does not use the SCLK pin. The SCLK has to be low (mode 0) or high (mode
3) through the entire reset sequence. This prevents any confusion with a instruction, as no
instruction bits are transferred (clocked).

A reset is commanded when the data on the Sl pin is 0101 on four consecutive positive edges of
the /CS pin with no edge on the SCLK pin throughout. The is a sequence where

1. /CS is driven active low to select the device.
2. Clock (SCLK) remains stable in either a high or low state.

3. Sl is driven low by the bus master, simultaneously with /CS going active low. No SPI bus
slave drives Sl during /CS low before a transition of SCLK i.e.: slave streaming output active
is not allowed until after the first edge of SCLK.

4. /CS is driven inactive. The slave captures the state of Sl on the rising edge of /CS.
The above steps are repeated 4 times, each time alternating the state of Sl.

After the fourth /CS pulse, the slave triggers its internal reset. Sl is low on the first /CS, high on the
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second, low on the third, high on the fourth. This provides a value of 5H, unlike random noise. Any

activity on SCLK during this time will halt the sequence and a Reset will not be generated. Figure
below illustrates the timing for hardware Reset operation.

Figure 8. JEDEC Standard Hardware Reset
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st I\ AN Ve v/

Internal Reset : I

Table 5. JEDEC Standard Hardware Reset Timing Parameters

Parameter Min. Typ. Max. Unit.
tCL 20 ns
tCH 20 ns

Setup Time 5 ns

Hold Time 5 ns
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5.5 Data Strobe Function

The Data Strobe function is used in 16-pin SOP16 300mil and TFBGA6*8mm-24Ball(5x5 ball array)
packages, and the DQS pin is an active output pin for the Data Strobe (DQS) signal during Read
operations, including read array, read SR, read ID, read SFDP, read Security Registers, read
LOCK, etc. The DQS signal is typically used in high speed applications to indicate when the output
data is ready to be fetched by the controllers. When the data strobe function is enabled, DQS
signal is driven to ground once CS# goes LOW, and will start to toggle when the output data is
ready on the 1/O pins. The toggling frequency is the same as the CLK frequency. For DTR Read
operations, the data should be latched on both rising edge and falling edge of the DQS signal.

The DQS sequence and AC parameters are shown in AC Electrical Characteristics.

- Please note that DQS is disable default, can contact Boya Microelectronics enable at factory.
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5.6 Write Protect Features

1. Software Protection (Memory array):

- The Block Protect (BP4, BP3, BP2, BP1, BPO0) bits define the section of the memory array
that can be read but not change.

- Individual Block Memory Protection: The BY25FQM1GEL also provides another Write
Protect method using the Individual Block Memory Protection. Each 64KB block (except the
top and bottom blocks, total of 510 blocks) and each 4KB sector within the top/bottom
blocks (total of 32 sectors) are equipped with the Individual Block/Sector Lock bit. When the
Individual Block/Sector Lock bit is 0, the corresponding sector or block can be erased or
programmed; When the Individual Block/Sector Lock bit is set to 1, Erase or Program
instructions issued to the corresponding sector or block will be ignored.

The WPS bit in Status Register-3 is used to decide which Write Protect scheme should be
used. When WPS=0 (factory default), the device will only utilize CMP, BP[4:0] bits to protect
specific areas of the array; When WPS=1, the device will utilize the Individual Block Memory
Protection for write protection.

2. Hardware Protection (Status register): /WP going low to protected the writable bits of Status
Register.

3. Deep Power-Down: In Deep Power-Down Mode, all instructions are ignored except the
Release from deep Power-Down Mode instruction.

4. Device resets when VCC is below threshold: Upon power-up or at power-down, the
BY25FQM1GEL will maintain a reset condition while VCC is below the threshold value of V..
While reset, all operations are disabled and no instructions are recognized.

5. Time delay write disable after Power-up: During power-up and after the VCC voltage exceeds
VCC min), all program and erase related instructions are further disabled for a time delay of
tVSL. This includes the Write Enable, Page Program, Sector Erase, Block Erase, Chip Erase
and the Write Status Register instructions.

6. Write Enable: The Write Enable instruction is set the Write Enable Latch bit. The WEL bit will
return to reset by following situation:

-Power —up

-Write Disable

-Write Status Register (Whether the SR is protected, WEL will return to reset)

-Write Extended Address Register (when in 3-Byte Address Mode)

-After some Individual Block Memory Protection instructions that need Write Enable
instruction are executed correctly, WEL bit will return to reset (when WPS=1)

-Page Program (Whether the program area is protected, WEL will return to reset)

-Sector Erase/Block Erase/Chip Erase (Whether the erase area is protected, WEL will
return to reset)

-Software Reset

-Hardware Reset

7. One Time Program (OTP) write protection for array and Security Registers using Status
Register.
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5.7 Status Register
5.7.1 Status Register Table
See Table 6 for detail description of the Status Register bits.
Table 6. Status Register
SR3
S23 S22 S21 S20 S19 S18 S17 S16
HOLD/RST| DRV1 DRVO DC1 DCO WPS ADP ADS
Default 0 0 0 0 0 0 0 0
OTP Read only
SR2
S15 S14 S13 S12 S11 $10 S9 S8
SUS1 CMP LB3 LB2 LB1 SuUS2 QE SRP1
Default (" 0 0 0 0 0 0 0 0
Read Only OTP OTP OTP |Read Only
SR1
S7 S6 S5 S4 S3 S2 S1 S0
SRPO BP4 BP3 BP2 BP1 BPO WEL WIP
Default 0 0 0 0 0 0 0 0
Read Only|Read Only

Notes:

1. The default value is set by Manufacturer during wafer sort, Marked as Default in following

text
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5.7.2 The Status and Control Bits
5.7.2.1 WIP bit

The Write in Progress (WIP) bit indicates whether the memory is busy in program/erase/write
status register progress. When WIP bit sets to 1, means the device is busy in program/erase/write
status register progress, when WIP bit sets 0, means the device is not in program/erase/write
status register progress.

5.7.2.2 WEL bit

The Write Enable Latch (WEL) bit indicates the status of the internal Write Enable Latch. When set
to 1 the internal Write Enable Latch is set, when set to 0 the internal Write Enable Latch is reset
and no Write Status Register, Program or Erase, etc. instruction is accepted.

5.7.2.3 BP4, BP3, BP2, BP1, BP0 bits

The Block Protect (BP4, BP3, BP2, BP1, BP0) bits are non-volatile. They define the size of the
area to be software protected against Program and Erase instructions. These bits are written with
the Write Status Register instruction. When WPS=0, and the Block Protect (BP4, BP3, BP2, BP1,
BPO0) bits are set to 1, the relevant memory area (as defined in Table 9-Table 10).becomes
protected against Page Program, Sector Erase and Block Erase instructions. The Block Protect
(BP4, BP3, BP2, BP1, BPO0) bits can be written provided that the Hardware Protected mode has
not been set. The Chip Erase instruction is executed, if the Block Protect (BP2, BP1, BPO0) bits are
0 and CMP=0 or The Block Protect (BP2, BP1, BPO) bits are 1 and CMP=1.

5.7.2.4 SRP1, SRPO bits

The Status Register Protect (SRP1 and SRPO) bits are non-volatile Read/Write bits in the status
register. The SRP bits control the method of write protection: software protection, hardware
protection, power supply lock-down or one time programmable protection.

Table 7. Status Register protect table

SRP1 | SRPO | /WP | Status Register Description
The Status Register can be written to after a Write
g . A SEINER FrelEE e Enable instruction, WEL=1.(Factory Default)
Hardware /WP=0, the Status Register locked and cannot be
0 1 0 :
Protected written.
0 1 1 Hardware /WP=1, the Status Register is unlocked and can be
Unprotected written to after a Write Enable instruction, WEL=1.
1 0 X Power Supply Status Register is protected and cannot be written to
Lock-Down(" again until the next Power-Down, Power-Up cycle.
One Time Status Register is permanently protected and cannot
1 1 X 5 X
Program® be written to.
Notes:
1. When SRP1, SRP0= (1, 0), a Power-Down, Power-Up cycle will change SRP1, SRPO to
(0, 0) state.

2. The One time Program feature is available upon special order. Please contact Boya
Microelectronics for details.

5.7.2.5 QE bit

The Quad Enable (QE) bit is a non-volatile Read/Write bit in the Status Register that allows Quad
operation. When the QE bit is set to 0 (Default) the /WP pin and /HOLD pin are enable. When the
QE pin is set to 1, the Quad 102 and 103 pins are enabled. (The QE bit should never be set to 1
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during standard SPI or Dual SPI operation if the /WP or /HOLD pins directly to the power supply or
ground).

QE bit is required to be set to a 1 before issuing an “Enter QPI (38h)” to switch the device from
Standard/Dual/Quad SPI to QPI; otherwise the instruction will be ignored. When the device is in
QPI mode, QE bit will remain to be 1. A “Write Status Register” instruction in QPl mode cannot
change QE bit from “1” to “0”.

5.7.2.6 LB3/LB2/LB1 bits

The Security Register Lock (LB3/LB2/LB1) bits are non-volatile One Time Program (OTP) bits in
Status Register (S13-S11) that provide the write protect control and status to the Security
Registers. The default state of LB is 0, the security registers are unlocked. LB can be set to 1
individually using the Write Register instruction. LB is One Time Programmable, once they are set
to 1, the Security Registers will become read-only permanently.

5.7.2.7 CMP bit

The Complement Protect (CMP) bit is a non-volatile Read/Write bit in the Status Register (S14). It
is used in conjunction the BP4-BPO bits to provide more flexibility for the array protection. Please
see the Status registers Memory Protection table for details. The default setting is CMP=0.

5.7.2.8 SUS1/SUS2 bits

The Suspend Status (SUS1 and SUS2) bits are read only bits in the status register2 (S15 and S10)
that are set to 1 after executing a Program/Erase Suspend (75H) instruction (The Erase Suspend
will set SUS1 to 1, and the Program Suspend will set the SUS2 to 1). The SUS1 and SUS2 bits are
cleared to 0 by Program/Erase Resume (7AH) instruction as well as a power-down, power-up
cycle.

5.7.2.9 ADS bit

The Current Address Mode (ADS) bit is a read only bit in the Status Register3 that indicates which
address mode the device is currently operating in. When ADS=0, the device is in the 3-Byte
Address Mode, when ADS=1, the device is in the 4-Byte Address Mode.

5.7.2.10 ADP bit

The Power-Up Address Mode (ADP) bit is a non-volatile bit that determines the initial address
mode when the device is powered on or reset. This bit is only used during the power on or device
reset initialization period, and it is only writable by the non-volatile Write Status sequence (06h +
11h). When ADP=0 (factory default), the device will power up into 3-Byte Address Mode, the
Extended Address Register must be used to access memory regions beyond 128Mb. When
ADP=1, the device will power up into 4-Byte Address Mode directly.

5.7.2.11 HOLD/RST bit

The /HOLD or /RESET Pin Function (HOLD/RST) bit is used to determine whether /HOLD or
/RESET function should be implemented on the hardware pin. When HOLD/RST=0 (factory
default), the pin acts as /HOLD; when HOLD/RST=1, the pin acts as /RESET. However, /HOLD or
/RESET functions are only available when QE=0. If QE is set to 1, the /HOLD and /RESET
functions are disabled, the pin acts as a dedicated data I/O pin.
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There are two write memory array protection methods provided on BY25FQM1GEL : Block
Protection (BP) mode or Individual Block Memory Protection mode. The protection modes are
mutually exclusive. The WPS bit selects which protection mode is enabled. Please note that the
WPS bit is an OTP bit. Once WPS is set to “1”, it cannot be programmed back to “0”.

If WPS=0 (factory default), the BP mode is enabled and Individual Block Memory Protection mode
is disabled. Please note that if WPS=0, all Individual Block Memory Protection instructions are not
available.

If WPS=1, the Individual Block Memory Protection mode is enabled and BP mode is disabled.
Blocks or Sectors are individually protected by their own Individual Block/Sector Lock bit. On
power-up, all Blocks or Sectors are write protected by the Individual Block/Sector Lock bits by
default. The Individual Block Memory Protection instructions are activated. The CMP, BP[4:0] bits
of the Status Register are disabled and have no effect.

5.7.2.13 DC1/DCO bit

The Dummy Configuration (DC) bit is non-volatile, which selects the number of dummy cycles
between the end of address and the start of read data output. Dummy cycles provide additional
latency that is needed to complete the initial read access of the flash array before data can be
returned to the host system. Some read commands require additional dummy cycles as the SCLK
frequency increases.

The following dummy cycle tables provide different dummy cycle settings that are configured.
(STR Mode)

. Numbers of Fast Read Dual I/O with

e bl Dummy Cycles(") DUello el Rerel Bl 4-Byte Address (BCh)
W/O DQS with DQS W/O DQS with DQS
00 (default) 4 108 MHz 108 MHz 108 MHz 108 MHz
01 8 166 MHz 166 MHz 166 MHz 166 MHz
10 12 166 MHz 188 MHz 166 MHz 188 MHz
11 16 166 MHz 200 MHz 166 MHz 200 MHz

Notes:

1. The number of dummy includes M7-0.

. Numbers of Fast Read Quad I/O with

DC bit Dummy Cycles) Quad I/O Fast Read (EBH) 4-Byte Address (ECH)
W/O DQS with DQS W/O DQS with DQS
00 (default) 6 104 MHz 104 MHz 104 MHz 104 MHz
01 8 133 MHz 133 MHz 133 MHz 133 MHz
10 10 150 MHz 150 MHz 150 MHz 150 MHz
11 12 166 MHz 166 MHz 166 MHz 166 MHz

Notes:

1. The number of dummy includes M7-0.

(DTR Mode)
DC bit Numbers of DTR Fast Read Quad DTR Quad I/O Fast Read
Dummy Cycles(" I/O(EDH) with 4- Byte Address (EEh)
W/O DQS with DQS W/O DQS with DQS
00 (default) 6 66 MHz 66 MHz 66 MHz 66 MHz
01 8 84 MHz 84 MHz 84 MHz 84 MHz
10 10 104 MHz 104 MHz 104 MHz 104 MHz
11 12 104 MHz 133 MHz 104 MHz 133 MHz
Notes:
1. The number of dummy includes M7-0.
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The Output Driver Strength (DRV1&DRVO0) bits are used to determine the output driver strength

for the Read instruction.

Table 8. The Output Driver Strength

BYT Semiconductor

DRV1,DRV0 Driver Strength
00 100% (default)
01 75%
10 50%
11 25%
26/153
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5.8 Array Memory Protection

5.8.1 Block Protect Table (WPS=0)

Table 9. BY25FQM1GEL Block Memory Protection (WPS=0, CMP=0)

Status Register Content Memory Content

BP4|BP3 |BP2 | BP1 |BP0| Blocks Addresses Density Portion
X 0 0 0 0 NONE NONE NONE NONE
0 0 0 0 1 511 01FF0000h -01FFFFFFh 64KB Upper 1/512
0 0 0 1 0 510 to 511 01FE0000h -01FFFFFFh 128KB Upper 1/256
0 0 0 1 1 508 to 511 01FC0000h -01FFFFFFh 256KB Upper 1/128
0 0 1 0 0 504 to 511 01F80000h - 01FFFFFFh 512KB Upper 1/64
0 0 1 0 1 496 to 511 01F00000h - 01FFFFFFh 1MB Upper 1/32
0 0 1 1 0 480 to 511 01E00000h -01FFFFFFh 2MB Upper 1/16
0 0 1 1 1 448 to 511 01C00000h -01FFFFFFh 4MB Upper 1/8
0 1 0 0 0 384 to 511 01800000h - 01FFFFFFh 8MB Upper 1/4
0 1 0 0 1 256 to 511 01000000h - 01FFFFFFh 16MB Upper 1/2
1 0 0 0 1 0 00000000h - 0000FFFFh 64KB Lower 1/512
1 0 0 1 0 0to 1 00000000h - 0001FFFFh 128KB Lower 1/256
1 0 0 1 1 Oto3 00000000h - 0003FFFFh 256KB Lower 1/128
1 0 1 0 0 Oto7 00000000h - 0007FFFFh 512KB Lower 1/64
1 0 1 0 1 0to 15 00000000h - 000FFFFFh 1MB Lower 1/32
1 0 1 1 0 0 to 31 00000000h - 001FFFFFh 2MB Lower 1/16
1 0 1 1 1 0 to 63 00000000h - 003FFFFFh 4MB Lower 1/8
1 1 0 0 0 0to 127 00000000h - 007FFFFFh 8MB Lower 1/4
1 1 0 0 1 0 to 255 00000000h - 00FFFFFFh 16MB Lower 1/2
X 1 1 0 X 0 to 511 00000000h - 01FFFFFFh 32MB ALL
X 1 X 1 X 0 to 511 00000000h - 01FFFFFFh 32MB ALL
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Table 10. BY25FQM1GEL Block Memory Protection (WPS=0, CMP=1)
Status Register Content Memory Content

BP4 | BP3 | BP2 | BP1 | BPO | Blocks Addresses Density Portion

X 0 0 0 0 ALL 00000000h - 0O1FFFFFFh ALL ALL
0 0 0 0 1 0to 510 00000000h - O1FEFFFFh | 32,704KB |Lower 511/512
0 0 0 1 0 0 to 509 00000000h - 01FDFFFFh | 32,640KB |Lower 255/256
0 0 0 1 1 0 to 507 00000000h - 01FBFFFFh | 32,512KB |Lower 127/128
0 0 1 0 0 0 to 503 00000000h - 01F7FFFFh | 32,256KB | Lower 63/64
0 0 1 0 1 0 to 495 00000000h - 01EFFFFFh 31MB Lower 31/32
0 0 1 1 0 0to 479 00000000h - 01DFFFFFh 30MB Lower 15/16
0 0 1 1 1 0 to 447 00000000h - 01BFFFFFh 28MB Lower 7/8
0 1 0 0 0 0 to 383 00000000h - 017FFFFFh 24MB Lower 3/4
0 1 0 0 1 0 to 255 00000000h - OOFFFFFFh 16MB Lower 1/2
1 0 0 0 1 1 to 511 00010000h - 01FFFFFFh 32,704KB | Upper 511/512
1 0 0 1 0 2 to 511 00020000h - 01FFFFFFh | 32,640KB | Upper 255/256
1 0 0 1 1 4 to 511 00040000h - 01FFFFFFh 32,512KB | Upper 127/128
1 0 1 0 0 8to 511 00080000h - 01FFFFFFh | 32,256KB | Upper 63/64
1 0 1 0 1 16 to 511 00100000h - 01FFFFFFh 31MB Upper 31/32
1 0 1 1 0 32 to 511 00200000h - 01FFFFFFh 30MB Upper 15/16
1 0 1 1 1 64 to 511 00400000h - 01FFFFFFh 28MB Upper 7/8
1 1 0 0 0 128 to 511 00800000h - 01FFFFFFh 24MB Upper 3/4
1 1 0 0 1 256 to 511 01000000h - 01FFFFFFh 16MB Upper 1/2
X 1 1 0 X NONE NONE NONE NONE
X 1 X 1 X NONE NONE NONE NONE

BYT Semiconductor
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5.8.2 Individual Block Memory Protection (WPS=1)

Individual Block Memory Protection can protect individual 4KB sectors in the bottom and top 64KB
of memory and protect individual 64KB blocks in the rest of memory.

There is one volatile individual block/sector lock bit assigned to each 4KB sector at the bottom and
top 64KB of memory and to each 64KB block in the rest of memory. A sector or block is
write-protected from programming or erasing when its associated individual block/sector lock bit is
set to “1”.

Please note that if WPS=0, all Individual Block Memory Protection instructions (7.5.71-7.5.5) are
not available.

Figure 9. Individual block/sector lock bit for Block/Sector Array

Individual block/sector lock bit0 ——»| Sector 0

w
- o §
Individual block/sector lock bit15 —» Sector 15 ~
Individual block/sector lock bit 16 |——— Block 1
—>

Individual block/sector lock bit 525 ———» Block 510
Individual block/sector lock bit 526 —| Sector 8176

LLG
3909

Individual block/sector lock bit 541 —» Sector 8191

Notes:

1. Individual Block/Sector protection is only valid when WPS=1.

2. Allindividual block/sector lock bits are set to 1 by default after power up, all memory array
is protected.
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5.8.2.1 Individual Block/Sector Lock bit

The Individual Block/Sector Lock bits are volatile bits for quickly and easily enabling or disabling
write-protection to sectors and blocks. A Individual Block/Sector Lock bit is assigned to each 4KB
sector in the bottom and top 64KB of memory and to each 64KB block in the rest of the memory.

When a Individual Block/Sector Lock bit is “1”, the associated sector or block will be
write-protected, preventing any program or erase operation on the sector or block. All Individual
Block/Sector Lock bits default to “1” after power-on or reset.

Individual Block/Sector Lock bits can be individually set to “1” or “0” by the Individual Block/Sector
Lock/ Individual Block/Sector Unlock instruction. The Individual Block/Sector Lock bits can also be
globally cleared to “0” with the Global Block/Sector Unlock instruction or globally set to “1” with the
Global Block/Sector Lock instruction. A Write Enable instruction must be executed to set the WEL
bit before sending the Individual Block/Sector Lock, Individual Block/Sector Unlock, Global
Block/Sector Lock, or Global Block/Sector Unlock instruction.

The Read Block/Sector Lock instruction reads the status of the Individual Block/Sector Lock bit of
a sector or block. The Read Block/Sector Lock instruction returns 00h if the Individual Block/Sector
Lock bit is “0”, indicating write-protection is disabled. The Read Block/Sector Lock Status
instruction returns FFh if the Individual Block/Sector Lock bit is “1”, indicating write-protection is
enabled.

Table 11. Dynamic Protection Bit

Description Bit Status Default Type
- : 0 = Unprotect Sector / Block .
Individual Block/Sector Lock bit 1 = Protect Sector / Block 1 Volatile
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5.9 Data Learning Pattern

The data learning pattern supports system/memory controller determine valid window of data
output more easily and improve data capture reliability while the flash memory is running in high
frequency.

Data learning pattern can be enabled or disabled by setting the bit7 of Extended Address
Register(data learning pattern enable bit). Once the EA[7] is set, the data learning pattern is
inputted into dummy cycles of all read instructions(include the read memory array, read ID, and
read Security Registers).

Enabling data learning pattern bit(DLP bit) will not affect the function of continue read mode bit. In
dummy cycles, continuous mode bit still operates with the same function. Data learning pattern will
output after continuous mode bit.

The data learning pattern is a fixed 8-bit data pattern (bit7~bit0: 00110100). For STR(single
transfer rate) instructions, the complete 8 bits will start to output right after the continuous mode bit.
While dummy cycle is not sufficient of 8 cycles, the rest of the DLP bits will be cut (At this time, the
high level is preferentially output. For example, when there are only 4 dummies, DLP outputs bit7
to bit4:0011, and so on.). For DTR(double transfer rate) instructions, the complete 8 bits will start
to output during the last 4 dummy cycle.

Figure 10. STR read sequence equal to 8 dummy with DLP bits output

/CS
i | Dummy Clocks

SCLK [
!

S oo« OC
S0 004 6060 90
D OO (SO0 OO 6
TP 020 000 VOO

I M7-0 | DLP Bits Output ' Data Out 1} Data Out 2,

Notes:
1. Only Sl output DLP bits in Standard SPI.
2. Only 100 and 101 output DLP bits in Dual SPI.

Figure 11. STR read sequence equal to 8 dummy with DLP bits output

/CS

SCLK
Dummy Clocks

100 04 (XX 00 00
i) }@@ O O OO0 O 60
D OO ARO O OPOPO OO OO
i85 0606000 00 O 06

DLP Bits Output ! Data Out 1! Data Out 2

Notes:
1. Only Sl output DLP bits in Standard SPI.
2. Only 100 and 101 output DLP bits in Dual SPI.
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Figure 12. STR read sequence more than 8 dummy with DLP bits output

/CS

scik LTL LT JW

100 00000 i 060

SO
I01)

/WP
(102)

/IIOLD
(I103)

! i 1 i d i
LM7-0 3 DLP Bits Output iDala Out 13 Data Out 2|

Notes:

1. Only Sl output DLP bits in Standard SPI.

2. Only 100 and 101 output DLP bits in Dual SPI.

3. For more than 8 dummy, the complete 8 bits will start to output during the last 8 dummy
cycles, and other dummy does not output.

Figure 13. DTR read sequence more than 4 dummy with DLP bits output

/CS

SCIK — Dummy Clocks | !

A OO ‘ OO
(100) < 1

, ‘

, ‘

(i01) ! ]

WP VN

(102) ; ;

H i

/HOLD m

(103) NN

j i
¢ M7-0 | DLP Bits Output I Data Out 1 Data 01112

Notes:
1. For more than 4 dummy, the complete 8 bits will start to output during the last 4 dummy
cycles, and other dummy does not output.
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5.10 Extended Address Register

Extended Address(EA[6]~ EA[0])))

In addition to the Status Registers, the BY25FQM1GEL also provides a volatile Extended Address
Register that allows the 256M area of the device to be used normally in 3-Byte Address Mode. The
value of the Extended Address Register and the 24-bit address input in the 3-Byte Address Mode
together form the complete start address of the instruction operation. That is, when A24 = 0, the
starting address of the instruction operation selects the lower 128Mb memory array
(00000000h-00FFFFFFh). When A24 = 1, the start address of the instruction operation will select
the high 128Mb memory array (01000000h-01FFFFFFh).

Please note that:

1. In 3-Byte Address Mode, When A24 = 0/1, the starting address of the instruction operation
selects the lower/ high 128Mb memory array. However, as the instruction operation address
continues to be carried, the address of the instruction operation can enter the high/lower
128Mb memory array. At this time, the value of the Extended Address Register does not
change with the carry of the address, that is, the value of Extended Address Register can only
be modified by the Write Extended Address Register instruction.

2. In 4-Byte Address Mode, Extended Address Register is not available. The value of Extended
Address Register has no effect on the instruction operation. The device will require 4-Byte
address input for all address related instructions, and the Extended Address Register setting
will be ignored. The Read Extended Address Register and Write Extended Address Register
instructions are not available in the 4-Byte Address Mode. At the same time, during the
instruction operation, the same as in the 3-Byte Address Mode, the carry of the address does
not have any effect on the Extended Address Register.

DLP bit(EA[7])

The DLP bit(EA[7]) is Data Learning Pattern Enable bit, which is volatile writable by C5H
instruction. For all read instructions(include the read memory array, read ID, and read Security
Registers). A pre-defined “Data Learning Pattern” can be used by the flash memory controller to
determine the flash data output timing on I/O pins. When DLP=1, in dummy cycles, the flash will
output “00110100” Data.

Learning Pattern sequence on each of the 1/O pins. During this period, controller can fine tune the
data latching timing for each 1/O pins to achieve optimum system performance. DLP=0(default) will
disable the Data Learning Pattern output.

Table 12. Extended Address Register

EA7 EA6 EA5 EA4 EA3 EA2 EA1 EAO0
DLP™ A30@ A29@ A28@ A27@ A26@ A25@ A241)

Notes:

1. Not address bit.

2. Reserved for higher densities: 512Mb ~ 16Gb.

3. Address Bit #24:A24=0: Select lower 128Mb; A24=1: Select upper 128Mb.
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Three legacy Instructions are supported to access device identification that can indicate the
manufacturer, device type, and capacity (density). The returned data bytes provide the information

as shown in the below table.

Table 13. BY25FQM1GEL ID Definition table (SPl and QPI Mode have the same ID Definition)

Operation Code M7-MO(SPI) ID15-ID8(SPI) ID7-IDO(SPI)
9FH Customize Customize Customize
(Manufacturer ID) (Memory type ID) (Capacity ID)
Customize Customize
QAR RISRA (Manufacturer ID) (Device ID)
Customize
RED (Device ID)

BYT Semiconductor
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7. INSTRUCTIONS DESCRIPTION

All instructions, addresses and data are shifted in and out of the device, beginning with the most
significant bit on the first rising edge of SCLK after /CS is driven low. Then, the one byte instruction
code must be shifted in to the device, most significant bit first on Sl, each bit being latched on the
rising edges of SCLK.

See Table 14, every instruction sequence starts with a one-byte instruction code. Depending on
the instruction, this might be followed by address bytes, or by data bytes, or by both or none. /CS
must be driven high after the last bit of the instruction sequence has been shifted in. For the
instruction of Read, Fast Read, Read Status Register or Release from Deep Power Down, and
Read Device ID, the shifted-in instruction sequence is followed by a data out sequence. /CS can
be driven high after any bit of the data-out sequence is being shifted out.

For the instruction of Page Program, Sector Erase, Block Erase, Chip Erase, Write Status Register,
Write Enable, Write Disable or Deep Power-Down instruction, etc. /CS must be driven high exactly
at a byte boundary, otherwise the instruction is rejected, and is not executed. That is /CS must
drive high when the number of clock pulses after /CS being driven low is an exact multiple of eight.
For Page Program, if at any time the input byte is not a full byte, nothing will happen and WEL will
not be reset.

Table 14. Instruction Set Table

Instruction Set Table-Standard/Dual/Quad SPI Instructions, 3-Byte & 4-Byte Address
Mode("

Data Input Output | Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number (0-7) (8-15) (16-23) (24-31) (32-39) (40-47) (48-55)
Software Die Select| C2h (Die ID#)
Read Active Die ID#| F8h (Die ID#)
Write Enable 06h
Volatile SR Write
Enable e
Write Disable 04h
Read Status
-S0)@
Register-1 el e
Write Status
-S0)4) H
Register® 01h (S7-S0) (S15-S8)
Read Status
-S8)@
Register-2 — (B2
Write Status
Register-2 31h (S15-S8)
Read Status
o (2)
Register-3 15h | (S23-S16)
Write Status
Register-3 11h (S23-S16)
Chip Erase C7h/60h
Program/Erase 75h
Suspend
Program/Erase 7AR
Resume
Deep Power-down | BSh
Release - )
Power-down / ID ABh Dummy Dummy Dummy (ID7-1DO)
Release
Power-down Ml
Manufacturer/Device (MF7-MFO)/ (ID7-1D0)/
D 90h Dummy Dummy 00/01h (ID7-1D0) (MF7-MFO)
Read JEDEC ID 9Fh (MF7-MFO) (ID15-ID8) (ID7-1D0)®
Read Serial Flash 5Ah A23-A16 A15-A8 A7-A0 Dummy (D7-D0)
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Discoverable
Parameter

Enter QPI Mode 38h
Enable Reset 66h
Reset Device 99h

Read Data
with 4-Byte 13h A31-A24 A23-A16 A15-A8 AT7-A0 (D7-DO)
Address
Fast Read
WANIABtolAdress 0Ch A31-A24 A23-A16 A15-A8 AT7-AO Dummy (D7-D0)
Fast Read Dual Output
with 4-Byte Address 3Ch A31-A24 A23-A16 A15-A8 AT7-A0 Dummy (D7-DO, ...)"
Fast Read Quad
Output with 4-Byte | 6Ch A31-A24 A23-A16 A15-A8 A7-A0 Dummy (D7-DO, ...)*
Address
Data Input Output | Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number (0-7) (8-11) (12-15) (16-19) (20-23) (24-27) (28-31)
Fast Read Dual O with) - gy, A31-A24 A23-A16 A15-A8 A7-A0 Dummy (D7-DO)

4-Byte Address
Data Input Output | Byte 1 | Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8 Byte 9

Clock Number (0-7) (8-9) (10-11) (12-13) (14-15) (16-17) (18-19) (20-21) (22-23)
Fast Read Quad I/O

with 4-Byte Address ECh A31-A24 A23-A16 A15-A8 AT7-A0 M7-MO Dummy Dummy (D7-DO)

Data Input Output | Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number 0-7) (8-9) (10-11) (12-13) (14-15) (16-17) (18-19)

Page Program with ) ) . . ¥ BEE)

4-Byte Address 12h A31-A24 A23-A16 A15-A8 A7-A0 (D7-DO0) (D7-DO)
Quad Page Program
with 4-Byte Address 34h A31-A24 A23-A16 A15-A8 A7-A0 (D7-DO0)
Sector Erase (4KB)
with 4-Byte Address 21h A31-A24 A23-A16 A15-A8 A7-A0

Block Erase(32K)
with 4-Byte Address 5Ch A31-A24 A23-A16 A15-A8 A7-A0

Block Erase(64K)
with 4-Byte Address DCh A31-A24 A23-A16 A15-A8 A7-A0
Global Block/Sector 7Eh

Lock
Global Block/Sector o8h
Unlock
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Instruction Set Table-Standard/Dual/Quad SPI Instructions, 3-Byte Address Mode "

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Clock Number (0-7) (8-15) (16-23) (24-31) (32-39) (40-55)
Read Unique ID Number 4Bh Dummy Dummy Dummy Dummy (ID127-1D0)
Clock Number (0-7) (8-15) (16-23) (24-31) (32-39) (40-47)
Page Program 02h A23-A16 A15-A8 A7-AO (D7-D0) (D7-D0)®
Quad Page Program 32h A23-A16 A15-A8 A7-AO (D7-DO, ...)® | (D7-DO, ...)®
Sector Erase (4KB) 20h A23-A16 A15-A8 A7-AO
Block Erase (32KB) 52h A23-A16 A15-A8 A7-AO
Block Erase (64KB) D8h A23-A16 A15-A8 A7-AO
Normal Read Data 03h A23-A16 A15-A8 A7-AO (D7-D0) (Next Byte)
Fast Read 0Bh A23-A16 A15-A8 A7-AO Dummy (D7-D0)
Dual Output Fast read 3Bh A23-A16 A15-A8 A7-A0 Dummy (D7-DO)™
Quad Output Fast read 6Bh A23-A16 A15-A8 A7-AO Dummy (D7-D0)®
S SRy 44h A23-A16©) A15-A86) A7-A0®)
Registers®
P e S 42h A23-A16© A15-A8®) A7-AO® D7-DO Next Byte
gisters!
Read Secutlly 48h A23-A16© A15-A8®) A7-AO® Dummy D7-D0
egisters
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number 0-7) (8-11) (12-15) (16-19) (20-23) (24-27) (28-31)
Dual I/O Fast read BBh A23-A16 A15-A8 A7-AO Dummy (D7-D0)
AT De"li/‘(’)e o oz 92h A23-A16 A15-A8 AT7-AO Dummy | (MF7-MFO) (ID7-ID0)
Data Input Output Byte 1 Byte 2 Byte 3 | Byte4 | Byte5 | Byte6 | Byte7 | Byte8 | Byte9
Clock Number (0-7) (8-9) (10-11) | (12-13) | (14-15) | (16-17) | (18-19) | (20-21) | (22-23)
Set Burst With Wrap 77h Dummy Dummy | Dummy | W6-W4
Quad /O Fast read EBh A23-A16 | A15-A8 | A7-A0 | M7-MO | Dummy | Dummy | (D7-DO) | (D7-DO)
Mﬂr'/De":/cg 1o euee 94h A23-A16 | A15-A8 | A7-A0 | Dummy | Dummy | Dummy |(MF7-MFO0)| (ID7-IDO)
Read Bloc/Sector 3Dh A23-A16 | A15-A8 | A7-A0 | (D7-DO)
Individual Block/Sector 36h A23-A16 | A15-A8 | A7-A0
'“di"id“ﬂn'?(')‘;iklsed°r 3%h A23-A16 | A15-A8 | AT7-A0
Enter 4-Byte Address B7h
Mode
Read IIEE;(;enc'![ed Addr. cah (EA7-EAQ)?
gister
Write Ii;(;et_w(ied Addr. C5h (EA7-EAO)
gister
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Instruction Set Table-Standard/Dual/Quad SPI Instructions, 4-Byte Address Mode "

Data Input
Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number | (0-7) (8-15) (16-23) (24-31) (32-39) (40-47) (48-63)
Read Unique ID
Nty 4Bh Dummy Dummy Dummy Dummy Dummy (ID127-1D0)
Clock Number | (0-7) (8-15) (16-23) (24-31) (32-39) (40-47) (48-55)
Page Program | 02h A31-A24 A23-A16 A15-A8 A7-AO (D7-DO) (D7-D0)®
Q;ad R 32h A31-A24 A23-A16 A15-A8 A7-AD (D7-DO, ...)® | (D7-DO, ...)®
rogram
Sector Erase
4KB) 20h A31-A24 A23-A16 A15-A8 A7-AO
Block Erase
(32KB) 52h A31-A24 A23-A16 A15-A8 A7-AO
Block Erase
CIE Dsh A31-A24 A23-A16 A15-A8 A7-AO
N”"gztsead 03h A31-A24 A23-A16 A15-A8 A7-AO (D7-D0) (Next Byte)
Fast Read 0Bh A31-A24 A23-A16 A15-A8 A7-AO Dummy (D7-DO)
el Org;%“t Fast| gy A31-A24 A23-A16 A15-A8 A7-AO Dummy (D7-DO)™
e ?:;Z“t Fastl ggp A31-A24 A23-A16 A15-A8 A7-AO Dummy (D7-D0)®
HEED Sy | A31-A24 A23-A1660) | A15-A8E A7-A0®
Registers®)
HERIN NG| o, A31-A24 A23-A16®) A15-A8®) A7-A0®) D7-DO Next Byte
Registers®
RO EERIY | A31-A24 A23-A16®) A15-A8®) A7-A0®) Dummy D7-DO
Registers®
D‘gﬂt"')‘&“t Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number | (0-7) (8-11) (12415) | (16-19) | (20-23) | (24-27) | (28-31) | (22-35)
D“a'rgngaSt BBh A31-A24 A23-A16 A15-A8 AT-A0 Dummy (D7-DO) (D7-D0)
Mﬂgt?;‘f/‘g’ D1 9o A31-A24 A23-A16 A15-A8 A7-AO Dummy | (MF7-MF0) | (ID7-ID0)
D‘gﬂt:;‘&“t Byte 1 Byte 2 Byte3 | Byte4 | Byte5 | Byte 6 | Byte7 | Byte 8 | Byte9 | Byte 10
Clock Number | (0-7) (8-9) (10-11) | (12-13) | (14-15) | (16-17) | (18-19) | (20-21) | (22-23) | (24-25)
ol BWU::LWith 77h Dummy Dummy | Dummy | Dummy | W6-W4
Q“a‘jr;; % Fast | pgp A31-A24 A23-A16 | A15-A8 | A7-A0 | M7-MO | Dummy | Dummy | (D7-D0) | (D7-DO)
Mﬁg’u E;z"lifg D1 gan A31-A24 A23-A16 | A15-A8 | A7-A0 | Dummy | Dummy | Dummy [(MF7-MFO)| (D7-D0)
Read
Block/Sector | 3Dh A31-A24 A23-A16 | A15-A8 | A7-A0 | (D7-DO)
Lock
Individual
Block/Sector | 36h A31-A24 A23-A16 | A15-A8 | A7-AO
Lock
Individual
Block/Sector | 39h A31-A24 A23-A16 | A15-A8 | A7-AO
Unlock
Exit 4-Byte
Address Mode =4
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Instruction Set Table-QPI Instructions, 3-Byte & 4-Byte Address Mode ¥
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number (0-1) (2-3) (4- 5) (6-7) (8-9) (10-11) (12-13) | (14-15)
Software Die Select C2h (Die ID#)
Read Active Die ID# F8h (Die ID#)
Write Enable 06h
Volatile SR Write Enable| 50h
Write Disable 04h
Read Status Register-1 05h (S7-S0)@
Write Status Register® 01h (S7-S0)* (S15-S8)
Read Status Register-2 35h (S15-S8)@
Write Status Register-2 31h (S15-S8)
Read Status Register-3 15h (S23-S16)@
Write Status Register-3 11h (S23-S16)
Chip Erase C7h/60h
Erase / Program Suspend| 75h
Erase / Program Resume| 7Ah
Power-down B9h
Set Read Parameters COh P7-PO
Release Powerdown /ID | ABh Dummy Dummy Dummy | (ID7-1D0)®
Manufacturer/Device ID 90h Dummy Dummy 00h (MF7-MFO) | (ID7-1D0)
JEDEC ID 9Fh (MF7-MFO) (ID15-1D8) | (ID7-IDO)
Exit QPI Mode FFh
Enable Reset 66h
Reset Device 99h
Fast Read Quad /O with _ . . . NI (5) ]
4-Byte Address ECh A31-A24 A23-A16 A15-A8 A7-A0 M7-MO Dummy | (D7-D0)
Read Serial Flash
Discoverable 5Ah A23-A16 A15-A8 A7-A0 Dummy (D7-D0)
Parameter
Page Program with 4-8Y10 121 A31-A24 A23-A16 | A15-A8 | A7-A0 | (D7-DO) | (D7-DO)®
Sector Erase (4KB) with
4-Byte Address 21h A31-A24 A23-A16 A15-A8 AT7-A0
Block Erase(32K) with
4-Byte Address 5Ch A31-A24 A23-A16 A15-A8 A7-A0
Block Erase(64K) with
4-Byte Address DCh A31-A24 A23-A16 A15-A8 A7-A0
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Instruction Set Table-QPI Instructions, 3-Byte Address Mode (¥
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number (0-1) (2-3) (4-5) (6-7) (8-9) (10-11) (12-13)
Page Program 02h A23-A16 A15-A8 AT7-A0 D7-D0® D7-DO®
Sector Erase (4KB) 20h A23-A16 A15-A8 AT-AO
Block Erase (32KB) 52h A23-A16 A15-A8 AT-AO
Block Erase (64KB) D8h A23-A16 A15-A8 AT7-A0
Fast Read 0Bh A23-A16 A15-A8 A7-A0 Dummy"® (D7-D0)
Burst Read with Wrap'® 0Ch A23-A16 A15-A8 A7-A0 Dummy‘"® (D7-DO0)
Fast Read Quad I/O EBh A23-A16 A15-A8 AT7-A0 M7-M0® Dummy (D7-DO0)
Read Unique ID Number 4Bh Dummy Dummy Dummy Dummys* (ID127-1D0)
Read Security Registers®) 48h A23-A166) A15-A8®) A7-A0®) Dummy D7-DO
Erase Security Registers® 44h A23-A16®) A15-A8® A7-A0®)
Program Security Registers®| 42h A23-A166) A15-A8®) A7-A0® D7-DO Next Byte
Read Block/Sector Lock 3Dh A23-A16 A15-A8 A7-A0 (D7-D0)
Individual Block/Sector Lockl  36h A23-A16 A15-A8 A7-A0
Individual Block/Sector 39h A23-A16 A15-A8 A7-AO
Unlock
Enter 4-Byte Address Mode| B7h
Read Extended Addr. C8h | (EA7-EA0)®
Register
Write %(éz?sdtz? Addr. C5h (EA7-EA0)
Instruction Set Table-QPI Instructions, 4-Byte Address Mode (14)
Data Input Output | Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number (0-1) (2-3) (4-5) (6-7) (8-9) (10-11) (12-13) (13-14)
Page Program 02h A31-A24 A23-A16 A15-A8 AT7-A0 D7-D0® D7-DO®
Sector Erase (4KB) 20h A31-A24 A23-A16 A15-A8 AT7-AO
Block Erase (32KB) 52h A31-A24 A23-A16 A15-A8 AT7-AO
Block Erase (64KB) D8h A31-A24 A23-A16 A15-A8 AT7-AO
Fast Read 0Bh A31-A24 A23-A16 A15-A8 AT7-A0 Dummy‘"® (D7-D0)
Burst Read with Wrap!"®|  0Ch A31-A24 A23-A16 A15-A8 AT7-A0 Dummy"® (D7-D0)
Fast Read Quad I/0O EBh A31-A24 A23-A16 A15-A8 AT7-A0 M7-Mo""® Dummy (D7-D0)
Rea,(\lluLJqueure 1o 48Bh Dummy Dummy Dummy Dummy | Dummys* | (ID127-ID0)
B 48h | A31-A24 | A23-A160 | A15-A8®) | A7-A0® | Dummy D7-D0
egisters
SR 44h | A31-A24 | A23-A16® | A15-A8® | A7-AQ®
egisters
Tl SEE T 42h A31-A24 | A23-A16® | A15-A80 A7-A0®) D7-DO Next Byte
Registers®
Reen Bﬂg‘éfsecmr 3Dh | A31-A24 | A23-A16 | A15-A8 A7-AO (D7-DO)
individua) BlockiSector] * 36n | A31-A24 | A23-A16 | A15-A8 | AT-AO
Individual Block/Sector) 59 | a31.p21 | A23-A16 | A15-A8 A7-AO
Unlock
Exit 4 B'\%Leasddress Eoh

Instruction Set Table-DTR with SPI Instructions, 3-Byte & 4-Byte Address Mode '¥

D*gzt':fl’t”‘ Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock
Number(1-4-4)| 8 ! ! ! ! ! ! !
DTR Quad I/O
Fast Read with 4- EEh A31-A24 A23-A16 A15-A8 A7-A0 M7-M0O Dummy (D7-D0)
Byte Address
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Instruction Set Table-DTR with SPI Instructions, 3-Byte Address Mode '

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(1-4-4) 8 1 1 1 1 7 1
DTR Fast Read Quad I/0O EDh A23-A16 A15-A8 A7-A0 M7-MO Dummy (D7-DO0)

Instruction Set Table-DTR with SPI Instructions, 4-Byte Address Mode '

D"gzt";‘l'l’t”‘ Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock
Number(1-4- 8 1 1 1 1 1 7 1
4)
DTR Fast Read
Sl 1 EDh A31-A24 A23-A16 A15-A8 AT7-A0 M7-MO Dummy (D7-D0)
Instruction Set Table-DTR with QPI Instructions, 3-Byte Address Mode
Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Clock Number(4-4-4) 2 1 1 1 8 1 1
DTR Read with Wrap('® | OEh A23-A16 A15-A8 AT7-AO Dummy D7-DO
Clock Number(4-4-4) 2 1 1 1 1 7 1
DTR Fast Read Quad /O | EDh A23-A16 A15-A8 AT-AO M7-MO Dummy (D7-D0)

Instruction Set Table-DTR with QPI Instructions, 4-Byte Address Mode '

Data Input Output Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7 Byte 8
Clock Number(4-4-4) 2 1 1 1 1 8 1 1
DTR Read with Wrap('® OEh A31-A24 A23-A16 A15-A8 A7-A0 Dummy D7-DO
Clock Number(4-4-4) 2 1 1 1 1 1 7 1
DTR Fast Read Quad I/O EDh A31-A24 A23-A16 A15-A8 A7-A0 M7-M0 Dummy (D7-DO)

Notes:

1. Data bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “( )’
indicate data output from the device on either 1, 2 or 4 10 pins.

2. The Status Register contents and Device ID will repeat continuously until /CS terminates the
instruction.

3. At least one byte of data input is required for Page Program, Quad Page Program and Program
Security Registers, up to 256 bytes of data input. If more than 256 bytes of data are sent to the
device, the addressing will wrap to the beginning of the page and overwrite previously sent data.
4. When the Write Status Register instruction 01h is followed by 1 byte data, the data will be
written to Status Register-1. When the Write Status Register instruction 01h is followed by 2 bytes
of data, the first byte data will be written to Status Register-1, and the second byte data will be
written to Status Register-2, see Write Status Register (01H or 31H or 11H).

5. Security Register Address:

Security Register 1: A23-16=00h; A15-12=0001; A11-9=000; A8-0=byte
address

Séagurity Register 2: A23-16=00h; A15-12=0010; A11-9=000; A8-O=byte
address

Security Register 3: A23-16=00h; A15-12=0011; A11-9=000; A8-0=byte
address

6. Dual SPI address input format:

100 = A22, A20, A18, A16, A14, A12, A10, A8 A6, A4, A2, A0, M6, M4, M2, MO
101 =A23, A21, A19, A17, A15,A13,A11,A9 A7,A5, A3, A1, M7, M5, M3, M1
7. Dual SPI data output format:

100 = (D6, D4, D2, DO0)

I01 = (D7, D5, D3, D1)

8. Quad SPI address input format: Set Burst with Wrap input format:
100 = A20, A16, A12, A8, A4, A0, M4, MO 100 = x, x, X, X, X, X, W4, x
101 =A21,A17,A13, A9, A5, A1, M5, M1 101 =x, x, X, X, X, X, W5, x
102 = A22, A18, A14, A10, A6, A2, M6, M2 102 = x, X, X, X, X, X, W6, x
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103 = A23, A19, A15, A11, A7, A3, M7, M3 103 =x, X, X, X, X, X, X, X
9. Quad SPI data input/output format:

100 = (D4, DO, ....))

101 = (D5, D1, .....)

102 = (D6, D2, .....)

|03 = (D7, D3, .....)

10. Fast Read Quad I/O data output format:
100 = (x, X, X, x, D4, DO, D4, D0)

101 = (x, X, X, x, D5, D1, D5, D1)

102 = (x, X, X, x, D6, D2, D6, D2)

103 = (x, X, X, x, D7, D3, D7, D3)

11. Word Read Quad I/O data output format:
100 = (x, x, D4, DO, D4, DO, D4, D0)

101 = (x, x, D5, D1, D5, D1, D5, D1)

102 = (x, x, D6, D2, D6, D2, D6, D2)

103 = (x, x, D7, D3, D7, D3, D7, D3)

12. For Word Read Quad I/O, the lowest address bit must be 0. (A0 = 0)
13. For Octal Word Read Quad I/O, the lowest four address bits must be 0. (A3, A2, A1, A0 = 0)
14. QPI Instruction, Address, Data input/output format:

CLK#0 1 2 3 4 5 6 7 8 9 10 M
100 = C4, CO, A20, A16, A12, A8, A4, AQ, D4, DO, D4, DO
I01=C5, C1, A21,A17, A13, A9, A5, A1, D5, D1, D5, D1
102 =C6, C2, A22,A18, A14, A10, AG, A2, D6, D2, D6, D2
103 =C7, C3, A23,A19, A15, A11, A7, A3, D7, D3, D7, D3

15. The number of dummy clocks for QPI Fast Read, QPI Fast Read Quad I/0 & QPI Burst Read
with Wrap is controlled by read parameter P7 — P4.

16. The wrap around length for QPI Burst Read with Wrap is controlled by read parameter P3 —
PO.
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Table 15. Instructions that need to send the Write Enable/Write Enable for Volatile Status

QA-DT-174
Rev. 1.2

Register instruction
Mode Instruction Write
Write Status Register 01h/31h/11h 06H/50H
Write Extended Address Register C5h 06H
SPI/QPI Erase Securit;ll Regis.ters 44h 06H
Program Security Registers 42h 06H
Page Program 02h 06H
Page Program with 4-Byte Address 12h 06H
Quad Page Program 32h 06H
SPI Quad Input Page Program with 4-Byte 34h 064
Address
Sector Erase 20h 06H
Sector Erase with 4-Byte Address 21h 06H
32KB Block Erase 52h 06H
32KB Block Erase with 4-Byte Address 5Ch 06H
64KB Block Erase D8h 06H
SPI/QPI 64KB Block Erase with 4-Byte Address DCh 06H
Chip Erase 60h/C7h 06H
Individual Block/Sector Lock 36h 06H
Individual Block/Sector Unlock 3%9h 06H
Global Block/Sector Lock 7Eh 06H
Global Block/Sector Unlock 98h 06H
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7.1 Configuration and Status Instructions
7.1.1 Software Die Select (C2H)

Each stacked die has a pre-assigned “Die ID#” by the factory, in the sequence of 0x00, 0x01, etc.
At any given time, there can only be one Active Die within the BY25FQM1GEL package, to
communicate with the external SPI controller. After power-up, Die #0 is always the Active Die.
Software Die Select (C2h) instruction is used to select a specific die to be active, according to the
8-bit Die ID following the C2h instruction as shown in Figure 14-Figure 15.

“ Concurrent Operations” can be realized by assigning the current Active Die to perform an
Erase/Program operation which requires some amount of time to finish. While the internal
Program/Erase operation is ongoing, the controller can issue a “Software Die Select (C2h)”
instruction to select another die to be active. Depending on the system requirement, a Read,
Program or Erase operation can be performed on the newly selected Active Die. “Read while
Program/Erase” or “Multi-Die Program/Erase” can be performed in such fashion, to improve
system Program/Erase throughput and to avoid constant Program/Erase Suspend and Resume
activities in certain applications.

The Software Die Select instruction sequence: /CS goes low sending the Software Die Select
instruction and Die ID, /CS goes high.

Figure 14. Software Die Select Sequence Diagram (SPI Mode)

_ Mode_3_ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode 3
—ece 2 o
Mode 0

|<— Instruction —>| - Die ID# —»|
1 X oot X EXEXAXIXEXIX XL/

MSB
S0 High 7

Figure 15. Software Die Select Sequence Diagram (QPI Mode)

Instructi .
y |<_>|"5:2;'°" Die ID# i
oo, ZLLL/N\ X XL/
[}

(101) !

777717 XDCXTL77
|

(103) )
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7.1.2 Read Active Die ID# (F8H)

The Read Active Die ID# command is used to read ID of active die within the MCP package, and
each bit being latched-in on the rising edge of SCLK. Then the active die ID# is shifted out on SO,
and each bit being shifted out, at a Max frequency fc, on the falling edge of SCLK. The Active Die
ID# may be read at any time, even while a Program, Erase or Read cycle is in progress.

Figure 16. Read Active Die ID# Sequence Diagram (SPI Mode)

/cs ~
Mode 3 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCLKModGO‘H JH JH JH L[] U UL

177 Instruction —) !
st/ /)y F8H

A —

\\\4 Al'

,,,,, T T T T T ]

Die ID# Out

High 7 16005 (4321 o 7 6 (5040321 0 X7

SO

1S

&<
(=2}

4

|20

U:i

Figure 17. Read Active Die ID# Sequence Diagram (QPI Mode)

/CS

Mode 3 0 1 2 3 4 5 6

100) ::
aoh /S N G
iy /S X
/HOLD ‘ NSNS T
(103) ZZ ) <7 7
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7.1.3 Write Enable (06H)

See Figure 18-Figure 19, the Write Enable instruction is for setting the Write Enable Latch bit.
The Write Enable Latch bit must be set prior to every Write Status Register, Program, Erase and
some Individual Block Memory Protection instruction (see Table 13). The Write Enable instruction
sequence: /CS goes low sending the Write Enable instruction, /CS goes high.

Please note that the Write Enable instruction sent when the Write Enable for Volatile Status
Register instruction is valid is not accepted. Therefore, when need to send the Write Enable
instruction, but do not know if the Write Enable for Volatile Status Register instruction is valid,

please send the Write Disable instruction first.

Figure 18. Write Enable Sequence Diagram (SPI Mode)

/CS
________ U 2 3 4 5 6 7
SCLK i
Instruction —>
s X ocH AL
High Z
S0 1gh_

Figure 19. Write Enable Sequence Diagram (QPI Mode)

/CS

SCLK

SI
(100)

SO
(101)
/WP
(102)

/HOLD
(103)

Mode 0

Instruction
06H
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7.1.4 Write Enable for Volatile Status Register (50H)

See Figure 20-Figure 21, the non-volatile Status Register bits can also be written to as volatile
bits (HOLD/RES, DRV1, DRV0, DC1, DCO, CMP, QE, SRP1, SRPO, BP4, BP3, BP2, BP1,
BPO0). This gives more flexibility to change the system configuration and memory protection
schemes quickly without waiting for the typical non-volatile bit write cycles or affecting the
endurance of the Status Register non-volatile bits. Write Enable for Volatile Status Register
instruction will not set the Write Enable Latch bit, it is only valid for the Write Status Registers
instruction to change the volatile Status Register bit values (After the software/hardware reset or
re-powered, the volatile Status Register bit values will be restored to the default value or the value
input by the Write Enable instruction).

Please note that the Write Enable for Volatile Status Register instruction sent when the Write
Enable instruction is valid is not accepted. Therefore, when need to send the Write Enable for
Volatile Status Register instruction, please first determine whether the Write Enable instruction is
not valid.

Figure 20. Write Enable for Volatile Status Register (SPI Mode)

/CS
7777777 L0 12 3 4 5 6 7
SCLK i
Instruction —)
SI 50H /
High 7
S0 gh_

Figure 21. Write Enable for Volatile Status Register (QPI Mode)

/CS \ /

Mode3 0 1 Mode 3
SCLK Mode 0 ‘ ‘ Mode 0

l ‘ Instruction ‘
S50H

(I(S)IO) /// N
A
S
wow
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7.1.5 Write Disable (04H)

See Figure 22-Figure 23, the Write Disable instruction is for resetting the Write Enable Latch bit
or invalidate the Write Enable for Volatile Status Register instruction. The Write Disable instruction
sequence: /CS goes low -> sending the Write Disable instruction -> /CS goes high. The WEL bit is
reset by following condition: Power-up and upon completion of the Write Status Register, Page
Program, Sector Erase, Block Erase and Chip Erase, Program/Erase Security Registers and
Reset instructions.

Figure 22. Write Disable Sequence Diagram (SPI Mode)

/CS

________ 0 1 2 3 4 5 6 7
SCLK i
Instruction —)
SI 04H /
High Z
o) gh_

Figure 23. Write Disable Sequence Diagram (QPI Mode)
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7.1.6 Read Status Register (05H or 35H or 15H)

See Figure 24-Figure 25, the Read Status Register (RDSR) instruction is for reading the Status
Register. The Status Register may be read at any time, even while a Program, Erase or Write
Status Register cycle is in progress. When one of these cycles is in progress, it is recommended
to check the Write in Progress (WIP) bit before sending a new instruction to the device. It is also
possible to read the Status Register continuously. For instruction code “05H”, the SO will output
Status Register bits S7~S0. The instruction code “35H”, the SO will output Status Register bits
S15~88, The instruction code “15H", the SO will output Status Register bits S23~16.

Figure 24. Read Status Register Sequence Diagram (SPI Mode)

ICS

>>>>> S0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 o
SCLK 1

¢—— Instruction
SI 035H or 35H or 15H \
Register 0/1/2 l Register 0/1/2
High Z —

SO 7 X6 X5 X4 X3 X2 X1 X0 XT7X6X5X4X3X2X1 X0

MSB MSB

Figure 25. Read Status Register Sequence Diagram (QPI Mode)

SR-1/2/3 | SR-1/2/3 |
out out
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7.1.7 Write Status Register (01H or 31H or 11H)

The Write Status Register instruction allows the Status Registers to be written. The Status
Register-1 can be written by the Write Status Register 01h instruction; The Status Register-2 be
written by the Write Status Register 01h or 31h instruction; Status Register-3 can be written by the
Write Status Register 11h instruction. When the Write Status Register instruction 01h is followed
by 1 byte data, the data will be written to Status Register-1. When the Write Status Register
instruction 01h is followed by 2 bytes of data, the first byte data will be written to Status Register-1,
and the second byte data will be written to Status Register-2; And Write Status Register instruction
31h or 11h can only follow 1 byte data, the data will be written to Status Register-2 . Status
Register-3 respectively. The writable Status Register bits include: SRP0O, BP[4:0] in Status
Register-1; CMP, LB[3:1], QE, SRP1 in Status Register- 2; ADS, ADP, DRV1, DRVO0, Hold/RES in
Status Register- 3. All other Status Register bit locations are read-only and will not be affected by
the Write Status Register instruction. LB[3:1] are non-volatile OTP bits, once it is set to 1, it cannot
be cleared to 0.

The Write Status Register instruction allows new values to be written to the Status Register.
Before it can be accepted, a Write Enable or Write Enable For Volatile SR instruction must
previously have been executed After the Write Enable instruction has been decoded and executed,
the device sets the Write Enable Latch (WEL).

The Write Status Register instruction has no effect on S15 (SUS1), S10 (SUS2), S1 (WEL) and SO
(WIP) of the Status Register. /CS must be driven high after the 8 or 16 bit of the data byte has
been latched in. If not, the Write Status Register (WRSR) instruction is not executed. As soon as
/CS is driven high, the self-timed Write Status Register cycle (whose duration is tW) is initiated.
While the Write Status Register cycle is in progress, the Status Register may still be read to check
the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Write Status Register cycle, and is 0 when it is completed. When the cycle is completed,
the Write Enable Latch (WEL) is reset.

The Write Status Register instruction allows the user to change the values of the Block Protect
(BP4, BP3, BP2, BP1, and BPO) bits, to define the size of the area that is to be treated as
read-only, as defined in Table 9 and Table 10. The Write Status Register (WRSR) instruction also
allows the user to set or reset the Status Register Protect (SRP1 and SRPO0) bits in accordance
with the Write Protect (/WP) signal. The Status Register Protect (SRP1 and SRPO0) bits and Write
Protect (/WP) signal allow the device to be put in the Hardware Protected Mode. The Write Status
Register instruction is not executed once the Hardware Protected Mode is entered.

The sequence of issuing WRSR instruction is: /CS goes low— sending WRSR instruction code—
Status Register data on SI—/CS goes high.

The /CS must go high exactly at the 8 bits or 16 bits data boundary; otherwise, the instruction will
be rejected and not executed. The self-timed Write Status Register cycle time (tW) is initiated as
soon as Chip Select (/CS) goes high. The Write in Progress (WIP) bit still can be checked during
the Write Status Register cycle is in progress. The WIP is set 1 during the tW timing, and is set 0
when Write Status Register Cycle is completed, and the Write Enable Latch (WEL) bit is reset.

Figure 26. Write Status Register Sequence Diagram-01H 2byte (SPI Mode)

Mode_3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 _ Mode 3 _

SCLK Mode 0 Mode 0

|<— Instruction Status Register—1 in Status Register—2 in
1 X ok 06609000@@@@@@00
MSB MSB

SO High 7
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Figure 27. Write Status Register Sequence Diagram-01H 2byte (QPI Mode)

Mode_3 0 1 2 3 4 5 _Mode3

le—om—] sk | SR2
w0 ///) D 0000'[[[

v LN EXXEXXLLLL
2 [/ N XX X2XLLL L
3 L/ N XXX XLLLL

Figure 28. Write Status Register Sequence Diagram-01/31/11H 1byte (SPI Mode)

Mode_3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode 3

1 \=
SCLK Mode 0 Mode 0
|&——  Instruction ———»| - SR1/SR2/SR3 in

SI X 01H/31H/11H o@ooee@@'lll

MSB
SO High 7

Figure 29. Write Status Register Sequence Diagram-01/31/11H 1byte (QPI Mode)

__Mode3__ 0 1 2 3 _ Mode3 _
SCLK Mode 0 Mode 0

| Instruction | SR1/2/3in I

O1H/31H/11H

w7277\
ZII7N\ XL

/HOLD
(103)
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7.1.8 Read Extended Address Register (C8H)

When the device is in the 3-Byte Address Mode, the Extended Address Register is used as the 4th
address byte A[31:24] to access memory regions beyond 128Mb. The Read Extended Address
Register instruction is entered by driving /CS low and shifting the instruction code “C8h” into the SI
pin on the rising edge of CLK. The Extended Address Register bits are then shifted out on the DO
pin at the falling edge of CLK with most significant bit (MSB) first as shown in Figure 30-Figure
31.

When the device is in the 4-Byte Address Mode, the Extended Address Register is not used.
Figure 30. Read Extended Address Register (SPI Mode)

s V-
Mode3 0 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 B
SCLK ModeO: | | | L L) L LUy
Instruction —— i \ i
| | | _
st/ ‘ [T / vl / 77T !
C8H ){ / \/ / / / /‘ _
! Extended Addr reg out | i Extended Addr reg out i
High o NN N A N g pa—
50 0000000000, 0 000000 Sl
MSB

Figure 31. Read Extended Address Register (QPI Mode)

Mode 3 . 0 1 2 3 4 5

nslruclioq IExlended AddrlExlended AddrI
CSH Regout | Regout |
oo LLLL N\ KX oX X oXe
(100)

| | e
N
| | ===
won LLLL N\ XX XAXS
g p—
|

won LLLL S N AKEX2XX2X¢

| | .
on ZLLL T XXX
| |
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7.1.9 Write Extended Address Register (C5H)

The Extended Address Register is a volatile registe that stores data learning pattern enable bit
(DLP) and the 4th byte address (A30-A24) when the device is operating in the 3-Byte Address
Mode (ADS=0). To write the Extended Address Register bits, a Write Enable (06h) instruction must
previously have been executed for the device to accept the Write Extended Address Register
instruction (Status Register bit WEL must equal 1). Once write enabled, the instruction is entered
by driving /CS low, sending the instruction code “C5h”, and then writing the Extended Address
Register data byte as illustrated in Figure 32-Figure 33.

Upon power up or the execution of a Software reset, the Extended Address Register bit values will
be cleared to 0.

The Extended Address Register is only effective when the device is in the 3-Byte Address Mode.
When the device operates in the 4-Byte Address Mode (ADS=1), any instruction with address
input of A31-A24 will replace the Extended Address Register values. It is recommended to check
and update the Extended Address Register if necessary when the device is switched from 4-Byte
to 3-Byte Address Mode.

Figure 32. Write Extended Address Register (SPl Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK Mode 0! | Mode 0
Instruction ‘ Ext Add Regin ————)|
SI CsH 06009000
MSB
High Z
SO 1gh_

Figure 33. Write Extended Address Register (QPI Mode)

| Instruction El)éteAﬂ]d
100) 7777\ XX KXTTT7

(101) ; ; ; ; \ @@QZZZ
won LLLL S e Xe XL/

/HOLD
(103)
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7.1.10 Enter 4-Byte Address Mode (B7H)

The Enter 4-Byte Address Mode instruction (Figure 34-Figure 35) will allow 32-bit address
(A31-A0) to be used to access the memory array beyond 128Mb. The Enter 4-Byte Address Mode
instruction is entered by driving /CS low, shifting the instruction code “B7h” into the Sl pin and then
driving /CS high.

Figure 34. Enter 4-Byte Address Mode instruction (SPI Mode)

/CS

Mode 3 0 1 2 3 4 5 6 7  Mode 3

SI B7H
High Z

SO

Figure 35. Enter 4-Byte Address Mode instruction (QPI Mode)

/ CS ,///
Mode 3 ‘ 0 1 Mode 3
SCLK Mode0 | \ Mode 0

‘ ‘ Instruction ‘
B7H

st
100y / / /
SO
(101) 4
we )
o) L4
/HOLD
(103) ~
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7.1.11 Exit 4-Byte Address Mode (E9H)

In order to be backward compatible, the Exit 4-Byte Address Mode instruction (Figure 36-Figure
37) will only allow 24-bit address (A23-A0) to be used to access the memory array up to 128Mb.
The Extended Address Register must be used to access the memory array beyond 128Mb. The
Exit 4-Byte Address Mode instruction is entered by driving /CS low, shifting the instruction code
“E9h” into the Sl pin and then driving /CS high.

Figure 36. Exit 4-Byte Address Mode (SPI Mode)

/CS

_______ A e
|
|

SCLK Mode 0
Instruction
SI E9H
High 7

SO

Figure 37. Exit 4-Byte Address Mode (QPI Mode)

/CS

Mode 3 0 1 Mode 3

SCLK  Mode 0 Mode 0
‘ ‘ Instruction
E9H
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7.1.12 Enter QPI Mode (38H)

The BY25FQM1GEL support both Standard/Dual/Quad Serial Peripheral Interface (SPI) and
Quad Peripheral Interface (QPI). However, SPI mode and QPI mode cannot be used at the same
time. “Enter QPI (38h)” instruction is the only way to switch the device from SPI mode to QPI
mode.

Upon power-up, the default state of the device upon is Standard/Dual/Quad SPI mode. This
provides full backward compatibility with earlier generations of BoyaMicro serial flash memories.
See Instruction Set Table 14 for all supported SPI instructions. In order to switch the device to QPI
mode, the Quad Enable (QE) bit in Status Register-2 must be set to 1 first, and an “Enter QPI
(38h)” instruction must be issued. If the Quad Enable (QE) bit is 0, the “Enter QPI (38h)”
instruction will be ignored and the device will remain in SPI mode.

When the device is switched from SPlI mode to QPI mode, the existing Write Enable and
Program/Erase Suspend status, and the Wrap Length setting will remain unchanged.

Figure 38. Enter QPI Mode (SPI Mode)

/CS

Mode 3 0 1 2 3 4 5 6 7 Mode 3

SI 38H ><

High Z

SO

7.1.13 Exit QPI Mode (FFH)

In order to exit the QPI mode and return to the Standard/Dual/Quad SPI mode, an “Exit QPI (FFh)”
instruction must be issued.

When the device is switched from QPI mode to SPI mode, the existing Write Enable Latch (WEL)
and Program/Erase Suspend status, and the Wrap Length setting will remain unchanged.

Figure 39. Exit QPI Mode (QPI Mode)

/CS
Mode 3 0 1 Mode 3

SCLK Mode 0 Mode 0
[nstruction

SI
(100) ~— L L L
SO R , o
101y £/ L

/WP
(102)
/HOLD
(103)
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7.1.14 Enable Reset (66H) and Reset Device (99H)

Because of the small package and the limitation on the number of pins, the BY25FQM1GEL
provides a software reset instruction instead of a dedicated RESET pin. Once the software reset
instruction is accepted, any on-going internal operations will be terminated and the device will
return to its default power-on state and lose all the current volatile settings, such as Volatile Status
Register bits, Write Enable Latch (WEL) status, Program/Erase Suspend status, Continuous Read
Mode bit setting (M7-MO0) and Wrap Bit setting (W6-W4).

To avoid accidental reset, both “Enable Reset (66h)” and “Reset (99h)” instructions must be issued
in sequence. Any other instructions other than “Reset (99h)” after the “Enable Reset (66h)”
instruction will disable the “Reset Enable” state. A new sequence of “Enable Reset (66h)” and
“Reset (99h)” is needed to reset the device. Once the Reset instruction is accepted by the device,
the device will take approximately tRST to reset. During this period, no instruction will be
accepted.

The Enable Reset (66h) and Reset (99h) instruction sequence is shown in Figure 40-Figure 41.

Data corruption may happen if there is an on-going or suspended internal Erase or Program
operation when Reset instruction sequence is accepted by the device. It is recommended to check
the BUSY bit and the SUS bit in Status Register before issuing the Reset instruction sequence.

Figure 40. Enable Reset (66h) and Reset (99h) Instruction Sequence (SPI Mode)

/CS

’4; Instruction )| H Instruction )|
SI 66H [ 9%h /]

o L7 [TT77 77777 /7
(ton) L7777\ [T
(Lo L 77\ [T
tow L7\ [ TT77 77777 N7
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7.2 Read Instructions

7.21 Read Data (03H)

See Figure 42-Figure 43, the Read Data Bytes (READ) instruction is followed by a 3-byte/4-byte
address (A23/31-A0), each bit being latched-in during the rising edge of SCLK. Then the memory
content, at that address, is shifted out on SO, each bit being shifted out, at a Max frequency fR,
during the falling edge of SCLK. The address is automatically incremented to the next higher
address after each byte of data is shifted out allowing for a continuous stream of data. This means
that the entire memory can be accessed with a single instruction as long as the clock continues.
The instruction is completed by driving /CS high. The whole memory can be read with a single
Read Data Bytes (READ) instruction. Any Read Data Bytes (READ) instruction, while an Erase,
Program or Write cycle is in progress, is rejected without having any effects on the cycle that is in
progress.

Figure 42. Read Data Bytes Sequence Diagram (SPI Mode/3-Byte Address Mode)

,,,,, B 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39
sk U U U UUUL N
“7 Instruction ——p¢——— 24-Bit Address ———P!

s1 03H X232 21 300X ]] ]

MSB ¢ Data Bytcl I’Ilgh 7

0 g 2 DO
MSB

Figure 43. Read Data Bytes Sequence Diagram (SPI Mode/4-Byte Address Mode)

/cS -
Mode 3 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 43 44 45 46 47
sctk woaeo! || [ 11711 R U UN UL UL

“«— Instruction ———p¢—— 32-Bit Address ——) |
s TN e Y axaX oo

YA S S S S S S S S S

e

MSB v
L7655 43002

Data Out
S0 High 7 NS A

(@S}
N
<

MSB
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7.2.2 Read Data with 4-Byte Address (13H)

The Read Data with 4-Byte Address instruction is similar to the Read Data (03h) instruction.
Instead of 24- bit address, 32-bit address is needed following the instruction code 13h. No matter
the device is operating in 3-Byte Address Mode or 4-byte Address Mode, the Read Data with
4-Byte Address instruction will always require 32-bit address to access the entire 256Mb memory.

The Read Data with 4-Byte Address instruction sequence is shown in Figure 44. If this instruction
is issued while an Erase, Program or Write cycle is in process (WIP=1) the instruction is ignored
and will not have any effects on the current cycle. The Read Data with 4-Byte Address instruction
allows clock rates from D.C. to a maximum of fR (see AC Electrical Characteristics).

The Read Data with 4-Byte Address (13h) instruction is only supported in Standard SPI mode.
Figure 44. Read Data with 4-Byte Address Sequence Diagram (SPI Mode)

/CS e
Mode 3 2 34 56 78 9 10 36 37 38 39 40 41 42 43 44 45 >
scik Modeof || [ [ 1[PPI U uUNU UL .
4 Instruction m 32-Bit Address LB
st /) /X 13H YEBOX 29~~~ 300210 / -
’MSB - ‘v Data Out -
. High 7 ;'/7\}/6\\: 5‘/\\(/4\>f\\/3\‘/>;\2\:>;’/1\:?::/07 o
A NVANACTANTANT AN
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7.2.3 Fast Read (0BH)

See Figure 45-Figure 48, the Read Data Bytes at Higher Speed (Fast Read) instruction is for
quickly reading data out. It is followed by a 3-byte/4-byte address (A23/31-A0) and a dummy byte,
each bit being latched-in during the rising edge of SCLK. Then the memory content, at that
address, is shifted out on SO, each bit being shifted out, at a Max frequency Fgr, during the falling
edge of SCLK. The first byte addressed can be at any location. The address is automatically
incremented to the next higher address after each byte of data is shifted out.

Figure 45. Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode)

/CS

Mode3 ¢ | 2 3 4 5 6 7 8 9 10 28 29 30 31

sek Mode ol [ LI LI LI LT UL
4———  Instruction ——p¢——— 24-Bit Address ———P

S| /X 0BH 32Dy - 900 —

High Z

s« —
/CS 77 T

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
SCLK .

[¢——Dummy Clocks——— )
SI

Hieh 7 DaaOut

SO e 765X 43X 210

/CS

36 37 38 39

***** ul

SCLK Mode 0!

}4— Instruction ——p¢———— 32-Bit Address ——P|

SI 0BH N )

High 7 MSB
SO
/cs 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCLK
¢——Dummy Clocks———)
SI
) Data Out
o) High 2 OO
MSB

Fast Read (0Bh) in QPI Mode

The Fast Read instruction is also supported in QPI mode. When QPI mode is enabled, the number
of dummy clocks is configured by the “Set Read Parameters (COh)” instruction to accommodate a
wide range of applications with different needs for either maximum Fast Read frequency or
minimum data access latency. Depending on the Read Parameter Bits P[6:4] setting, the number
of dummy clocks can be configured as either 4-18. The default number of dummy clocks upon
power up or after a Reset instruction is 4.
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Figure 47. Fast Read Sequence Diagram (QPI Mode/3-Byte Address Mode)

/cs
Mode 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Ak _wodeo | [ [ [ LT LN L
}“S“w“"‘q A23-16  AI5-8  A7-0  Dummy* DataOutl DataOut2: DataOut3

t
[ 0BH
ST \

000 Ol

aoy S

/HOLD
o3y -~

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks

Figure 48. Fast Read Sequence Diagram (QPI Mode/4-Byte Address Mode)

/CS

stk _wmoteo | [ LD LU L L L L

Instruction : “‘

WU A3124 | A23-16 0 ALS8 | AT-0 | Dummy* | o 1450t to Output
— % ! (4

CEEEE S0 0
.

@ EEBBDD DT
| f MSB

MSB . . i 4. IMSB___ IMSB

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks
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7.2.4 Fast Read with 4-Byte Address (0CH)

The Fast Read with 4-Byte Address (0Ch) instruction is similar to the Fast Read instruction except
that it requires 32-bit address instead of 24-bit address. No matter the device is operating in 3-Byte
Address Mode or 4-byte Address Mode, the Read Data with 4-Byte Address instruction will always
require 32-bit address to access the entire 256Mb memory.

The Fast Read with 4-Byte Address instruction is only supported in Standard SPI mode. In QPI
mode, the instruction code 0Ch is used for the “Burst Read with Wrap” instruction.

Figure 49. Fast Read with 4-Byte Address

/CS
1\49919_31 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39
SCLK Mode 0]
ki Instruction ——p¢——— 32-Bit Address —— P
I /X 0CH 313029 321X
High Z MSB
sc ——————————
/cs 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
SCLK | [ L] L) L N b b
¢——Dummy Clocks———— ) | .
SI i 3 High Z
Hioh 7 | i Data Out 1 | Data Out 2
i N T
50 = (XXX XX
MSB 'MSB
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7.2.5 Dual Output Fast Read (3BH)

See Figure 50-Figure 51, the Dual Output Fast Read instruction is followed by 3/4-byte address
(A23/31-A0) and a dummy byte, each bit being latched in during the rising edge of SCLK, then the
memory contents are shifted out 2-bit per clock cycle from Sl and SO. The first byte addressed
can be at any location. The address is automatically incremented to the next higher address after
each byte of data is shifted out.

Figure 50. Dual Output Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode)

)¢
; DX

}47 Dummy Clocks 4)| High 7

High 7

SI

High Z

Figure 51. Dual Output Fast Read Sequence Diagram (SPI Mode/4-Byte Address Mode)

/CS

Mode3 1 2 3 4 5 6 7 8 9 10 36 37 38 39

— Instruction Mo 32-Bit Address  —————|
s1 3BH 31 )y XXX

MSB

SO High 7

¢cs -

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

SCLK

HDummyClocks " @oooeoo ,,,,,,,,,,

SI
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7.2.6 Fast Read Dual Output with 4-Byte Address (3CH)

The Fast Read Dual Output with 4-Byte Address instruction is similar to the Fast Read Dual Output
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the Fast Read Dual Output with
4-Byte Address instruction will always require 32-bit address to access the entire 256Mb memory.

The Fast Read Dual Output with 4-Byte Address (3Ch) instruction is only supported in Standard
SPI mode.

Figure 52. Fast Read Dual Output with 4-Byte Address

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 37 38 39

SCLK  Mode 0 -
|1— Instruction —}I{— 32-Bit Address ———l

« T o 00000

MSB
High Z

SO

/CS -—-
40

SCLK

SI

0 KOXEXEXXXEK L

MSB MSB
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7.2.7 Quad Output Fast Read (6BH)

See Figure 53-Figure 54, the Quad Output Fast Read instruction is followed by 3/4-byte address
(A23/31-A0) and a dummy byte, each bit being latched in during the rising edge of SCLK, then the
memory contents are shifted out 4-bit per clock cycle from 103, 102, 101 and I00. The first byte
addressed can be at any location. The address is automatically incremented to the next higher
address after each byte of data is shifted out. The Quad Enable bit (QE) of Status Register must
be set to enable.

Figure 53. Quad Output Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode)

/cS
Mode3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
sk wodeo! | [P LN L
}47 Instruction ~ ——pl¢—————  24-Bit Address ——————))
SI
(100) 6BH B2 (X2 XX
SO High_7 MSB
aot)
/WP High 7
Io2)
/HOLD High_2
I03)
/cS
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
SCLK [ 77777
< Dummy Clocks ) [Data Out lData Out 2 | Data Out 3i Data Out 4
SI I I U N
(100) RO oooo o
SO High_7 | AN N NN T
101) AN ; 900 oo
/WP : i ! ! A
a0 O OO OO
| | | N N
/HOLD High Z i i i S —
(103) V000 QOO E
'MSB  IMSB _ IMSB _ IMSB
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Figure 54. Quad Output Fast Read Sequence Diagram (SPI Mode/4-Byte Address Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39
sk wodeo} [ [ [P RN
}{7 Instruction ~ ——pl¢—————  32-Bit Address ———————))
SI
(100) oBH S IOXE XX X0p
SO High 7 MSB
101)
/WP HighﬁZ
102)
/HOLD High_7
(103)
/CS o
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
SCLK N L L) ) L L
I I 1 1
i Data Out 1Data Out 21 Data Out 31 Data Out4
SI }{7 Dummy Clocks 4}1 f . ! : : o
(IOO) '\ 1 1 N N ___
i i i i
SO High_7 ! ! ! [N
aon RO
/WP , 3 ! ! A
02 KX KXo
/HOLD High Z } i | I
103 0999 Q0 O€
'MSB  IMSB  IMSB _ !MSB

BYT Semiconductor

66/153

BY25FQM1GEL



% ﬁ BYT QA-DT-174

BY'T .

J Semiconductor Rev. 1.2
7.2.8 Fast Read Quad Output with 4-Byte Address (6CH)

The Fast Read Quad Output with 4-Byte Address instruction is similar to the Fast Read Quad
Output instruction except that it requires 32-bit address instead of 24-bit address. No matter the
device is operating in 3-Byte Address Mode or 4-byte Address Mode, the Fast Read Quad Output
with 4-Byte Address instruction will always require 32-bit address to access the entire 256Mb
memory.

The Fast Read Quad Output with 4-Byte Address (6Ch) instruction is only supported in Standard
SPI mode.

Figure 55. Fast Read Quad Output with 4-Byte Address

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39

777777 al
seek wodeol || [ L] LTI LT LD L L] JUuUL
}47 Instruction ~ ———pg————  32-Bit Address ———)

100) ocH B OEXN

SO High 7 MsB
I01)
/WP High_Z
(102)
JHOLD High 7
(I103)

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
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7.2.9 Dual l/O Fast Read (BBH)

See Figure 56-Figure 59, the Dual I/O Fast Read instruction is similar to the Dual Output Fast
Read instruction but with the capability to input the 3/4-byte address (A23/31-0) and a “Continuous
Read Mode” byte 2-bit per clock by SI and SO, each bit being latched in during the rising edge of
SCLK, then the memory contents are shifted out 2-bit per clock cycle from Sl and SO. The first
byte addressed can be at any location. The address is automatically incremented to the next
higher address after each byte of data is shifted out.

Dual I/0 Fast Read with “continuous Read Mode”

The Dual I/O Fast Read instruction can further reduce instruction overhead through setting the
“continuous Read Mode” bits (M7-4) after the inputs 3-byte address A23-A0).If the “continuous
Read Mode” bits(M5-4)=(1,0),then the next Dual I/O fast Read instruction (after CS/ is raised and
then lowered) does not require the BBH instruction code. The instruction sequence is shown in the
following Figure 56-Figure 59.If the “continuous Read Mode” bits (M5-4) does not equal (1,0), the
next instruction requires the first BBH instruction code, thus returning to normal operation. A
“continuous Read Mode” Reset instruction can be used to reset (M5-4) before issuing normal
instruction.

Figure 56. Dual I/0 Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode; Initial
instruction or previous (M5-4)#(1,0))

/CS

0 1 2 3 4 S5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

----a
SCLK i

|€—— — Instruction ——Pp|
SI

(100) BBH 0090 009000900000
don e P XX XK XXX KX XXX X XX

A23-16 Al15-8 A7-0 M7-0

/CS

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
SCLK ‘

ERO000 0000 000.0000C e
00,00 00000000000 e

Byte 1 Byte 2 Byte 3 Byte 4
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Figure 57. Dual I/0 Fast Read Sequence Diagram (SPI Mode/4-Byte Address Mode; Initial
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instruction or previous (M5-4)#(1,0))

/CS

,M951§7370 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCLK Mode 0!

|€—— Instruction A31-24 | A23-16 | A15-8 ! A7-0

SI
0o @@@@@@@@@@@6@6@0
SO High 7
aoh 31 @@@@@@@@@000@6@
/CS

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
SCLK
qI Data Out 1 Data Out 2 Data Out 3
(I00)
SO
Io1)

MSB MSB MSB IMSB

Figure 58. Dual I/O Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode;
Previous instruction set (M5-4) =(1,0))

/CS

L 4 5 6 7 8 9 10 11 12 13 14 15
SCLK !
m» GO0 GO0 COOOCCOC
0, — DD DEETKDEED
A23-16 Al15-8 A7-0 M7-0
/CS
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCLK "], i
SI
(100) —BX XK XXX XA} DRX K XA DX o ——
ol —< DX EKIADEREH DI D —
Bytel Byte2 Byte3 Byte4
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Figure 59. Dual I/O Fast Read Sequence Diagram (SPI Mode/4-Byte Address Mode;
Previous instruction set (M5-4) =(1,0))
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7.2.10 Fast Read Dual I/O with 4-Byte Address (BCH)

The Fast Read Dual 1/0 with 4-Byte Address instruction is similar to the Fast Read Dual 1/O
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the Fast Read Dual I/0O with 4-Byte
Address instruction will always require 32-bit address to access the entire 256Mb memory.

The Fast Read Dual I/0O with 4-Byte Address (BCh) instruction is only supported in Standard SPI
mode.

Figure 60. Fast Read Dual I/0 with 4-Byte Address(SPlI Mode only; Initial instruction or
previous M5-4+10)
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Figure 61. Fast Read Dual I/0 with 4-Byte Address(SPlI Mode only; Initial instruction or
previous M5-4=10)
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7.2.11 Quad l/O Fast Read (EBH)

See Figure 62-Figure 65, the Quad I/O Fast Read instruction is similar to the Dual 1/0 Fast Read
instruction but with the capability to input the 3/4-byte address (A23/31-0) and a “Continuous Read
Mode” byte and 4-dummy clock 4-bit per clock by 100, 101, 103, 104, each bit being latched in
during the rising edge of SCLK, then the memory contents are shifted out 4-bit per clock cycle
from 100, 101, 102, 103. The first byte addressed can be at any location. The address is
automatically incremented to the next higher address after each byte of data is shifted out. The
Quad Enable bit (QE) of Status Register must be set to enable for the Quad I/0 Fast read
instruction, as shown in Figure 62-Figure 69.

Quad /0 Fast Read with “Continuous Read Mode”

The Quad /O Fast Read instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23-0), If the “Continuous Read
Mode” bits (M5-4 )= (1,0), then the next Fast Read Quad I/O instruction(after /CS is raised and
then lowered) does not require the EBH instruction code. If the “Continuous Read Mode” bits M5-4
do not equal to (1,0), the next instruction requires the first EBH instruction code, thus returning to
normal operation. A “Continuous Read Mode” Reset instruction can also be used to reset (M5-4)
before issuing normal instruction.

Figure 62. Quad I/0 Fast Read Sequence Diagram (SPlI Mode/3-Byte Address Mode; Initial
instruction or previous (M5-4#(1,0)))
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Figure 63. Quad I/0 Fast Read Sequence Diagram (SPl Mode/4-Byte Address Mode; Initial
instruction or previous (M5-4#(1,0)))
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Figure 64. Quad I/0O Fast Read Sequence Diagram (SPI Mode/3-Byte Address Mode; Initial
instruction or previous (M5-4=(1,0)))
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Figure 65. Quad I/0 Fast Read Sequence Diagram (SPl Mode/4-Byte Address Mode; Initial
instruction or previous (M5-4=(1,0)))
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Quad I/O Fast Read with “8/16/32/64-Byte Wrap Around”

The Quad I/O Fast Read instruction can also be used to access a specific portion within a page by
issuing a “Set Burst with Wrap” (77H) instruction prior to EBH. The “Set Burst with Wrap” (77H)
instruction can either enable or disable the “Wrap Around” feature for the following EBH
instructions. When “Wrap Around” is enabled, the data being accessed can be limited to either an
8, 16, 32 or 64-byte section of a 256-byte page. The output data starts at the initial address
specified in the instruction, once it reaches the ending boundary of the 8/16/32/64-byte section,
the output will wrap around to the beginning boundary automatically until /CS is pulled high to
terminate the instruction.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address
and then fill the cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing
multiple read instructions.

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used
to enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the
wrap around section within a page.

Fast Read Quad I/O (EBh) in QPI Mode

The Fast Read Quad I/O instruction is also supported in QPl mode, as shown in Figure 66-Figure
69. When QPI mode is enabled, the number of dummy clocks is configured by the “Set Read
Parameters (COh)” instruction to accommodate a wide range of applications with different needs
for either maximum Fast Read frequency or minimum data access latency. Depending on the
Read Parameter Bits P[6:4] setting, the number of dummy clocks can be configured as either 4-18.
The default number of dummy clocks upon power up or after a Reset instruction is 4. In QPI mode,
the “Continuous Read Mode” bits M7-0 are also considered as dummy clocks. In the default
setting, the data output will follow the Continuous Read Mode bits immediately.

“Continuous Read Mode” feature is also available in QPI mode for Fast Read Quad I/O instruction.
Please refer to the description on previous pages.

“Wrap Around” feature is not available in QPI mode for Fast Read Quad I/O instruction. To perform

a read operation with fixed data length wrap around in QPIl mode, a dedicated “Burst Read with
Wrap” (0Ch) instruction must be used.
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Figure 66. Quad I/O Fast Read Sequence Diagram (QPI Mode/3-Byte Address Mode; Initial
instruction or previous (M5-4#(1,0)))
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Figure 67. Quad I/O Fast Read Sequence Diagram (QPlI Mode/4-Byte Address Mode; Initial

instruction or previous (M5-4#(1,0)))
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Figure 68. Quad I/O Fast Read Sequence Diagram (QPI Mode/3-Byte Address Mode; Initial
instruction or previous (M5-4=(1,0)))
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Figure 69. Quad I/O Fast Read Sequence Diagram (QPlI Mode/4-Byte Address Mode; Initial
instruction or previous (M5-4=(1,0)))
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7.212 DTR Fast Read Quad I/O(EDH)

The DTR Fast Read Quad I/O (EDh) instruction is similar to the Fast Read Dual I/0 (BBh) instruction
except that address and data bits are input and output through four pins 100, 101, 102 and 103 and
Dummy clocks (can be configured using DC bits or COH instruction) are required in SPI mode prior to the
data output, as shown in Figure 70-Figure 77. The Quad Enable bit (QE) of Status Register must
be set to enable.

DTR Fast Read Quad I/0 with “Continuous Read Mode”

The Fast Read Quad /O instruction can further reduce instruction overhead through setting the
“Continuous Read Mode” bits (M7-0) after the input Address bits (A23/A31-0). The upper nibble of the
(M7-4) controls the length of the next Fast Read Quad I/O instruction through the inclusion or exclusion
of the first byte instruction code. The lower nibble bits of the (M3-0) are don’t care (“X”). However, the 10
pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next Fast Read Quad I/O instruction (after /CS
is raised and then lowered) does not require the EDh instruction code. This reduces the instruction
sequence by eight clocks and allows the Read address to be immediately entered after /CS is asserted
low. If the “Continuous Read Mode” bits M5-4 do not equal to (1,0), the next instruction (after /CS is
raised and then lowered) requires the first byte instruction code, thus returning to normal operation.

Figure 70. DTR Fast Read Quad I/O (SPI Mode/3-Byte Address Mode; Initial instruction or
previous (M5-4#(1,0)))
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Figure 71. DTR Fast Read Quad I/O (SPI Mode/4-Byte Address Mode; Initial instruction or
previous (M5-4#(1,0)))
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Figure 72. DTR Fast Read Quad 1/O (SPI Mode/3-Byte Address Mode; Initial instruction or
previous (M5-4=(1,0)))
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Figure 73. DTR Fast Read Quad I/O (SPI Mode/4-Byte Address Mode; Initial instruction or
previous (M5-4=(1,0)))
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DTR Fast Read Quad 1/O with “8/16/32/64-Byte Wrap Around” in Standard SPI mode

The Fast Read Quad I/O instruction can also be used to access a specific portion within a page by
issuing a “Set Burst with Wrap” (77h) instruction prior to EDh. The “Set Burst with Wrap” (77h) instruction
can either enable or disable the “Wrap Around” feature for the following EDh instructions. When “Wrap
Around” is enabled, the data being accessed can be limited to either an 8, 16, 32 or 64-byte section of a
256-byte page. The output data starts at the initial address specified in the instruction, once it reaches
the ending boundary of the 8/16/32/64-byte section, the output will wrap around to the beginning
boundary automatically until /CS is pulled high to terminate the instruction.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read
instructions.

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the wrap
around section within a page.

DTR Fast Read Quad I/O (EDh) in QPI Mode

The DTR Fast Read Quad /O instruction is also supported in QPl mode, as shown in Figure 74-Figure
77. In QPI mode, the “Continuous Read Mode” can further reduce instruction overhead through setting
the “Continuous Read Mode” bits (M7-0) after the input Address bits (A23/31-0). Please refer to the
description on previous pages. If the “Continuous Read Mode” bits (M5-4 )= (1,0), then the next Fast
Read Quad I/O instruction(after /CS is raised and then lowered) does not require the EDH instruction
code, The instruction sequence is shown in the followed Figure. If the “Continuous Read Mode” bits
M5-4 do not equal to (1,0), the next instruction requires the first EDH instruction code, thus returning to
normal operation. A “Continuous Read Mode” Reset instruction can also be used to reset (M5-4) before
issuing normal instruction.

BYT Semiconductor 78 /153 BY25FQM1GEL



? BYT QA-DT-174
BYT .
Semiconductor Rev. 1.2

When QPI mode is enabled, the number of dummy clocks is configured by the “Set Read
Parameters (COh)” instruction to accommodate a wide range of applications with different needs
for either maximum Fast Read frequency or minimum data access latency. Depending on the
Read Parameter Bits P[6:4] setting, the number of dummy clocks can be configured as either 4-18.
The default number of dummy clocks upon power up or after a Reset instruction is 4. Please note
that the number of dummy includes M7-0.

Figure 74. DTR Fast Read Quad 1/0 (QPI Mode/3-Byte Address Mode; Initial instruction or
previous (M5-4#(1,0)))
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* = “Set Read Parameters” Instruction (COH) can set the number of dummy clocks

Figure 75. DTR Fast Read Quad I/0 (QPI Mode/4-Byte Address Mode; Initial instruction or
previous (M5-4#(1,0)))
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Figure 76. DTR Fast Read Quad I/0 (QPI Mode/3-Byte Address Mode; Initial instruction or
previous (M5-4=(1,0)))
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*= “Set Read Parameters” Instruction (COH) can set the number of dummy clocks
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Figure 77. DTR Fast Read Quad 1/0 (QPI Mode/4-Byte Address Mode; Initial instruction or
previous (M5-4=(1,0)))
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7.2.13 Fast Read Quad I/0O with 4-Byte Address (ECH)

The Fast Read Quad I/O with 4-Byte Address instruction is similar to the Quad I/0 Fast Read
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the Fast Read Quad I/O with
4-Byte Address instruction will always require 32-bit address to access the entire 256Mb memory.
The Quad Enable bit (QE) of Status Register must be set to enable.

Figure 78. Fast Read Quad I/O with 4-Byte Address (SPI Mode; Initial instruction or previous
M5-4#£10)
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Figure 79. Fast Read Quad I/O with 4-Byte Address (SPI Mode; Initial instruction or previous
M5-4=10)
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Fast Read Quad I/O with 4-Byte Address with “8/16/32/64-Byte Wrap Around” in Standard
SPI mode

The Fast Read Quad 1/0O with 4-Byte Address instruction can also be used to access a specific portion
within a page by issuing a “Set Burst with Wrap” (77h) instruction prior to ECh. The “Set Burst with Wrap”
(77h) instruction can either enable or disable the “Wrap Around” feature for the following ECh instructions.
When “Wrap Around” is enabled, the data being accessed can be limited to either an 8, 16, 32 or 64-byte
section of a 256-byte page. The output data starts at the initial address specified in the instruction, once it
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reaches the ending boundary of the 8/16/32/64-byte section, the output will wrap around to the beginning
boundary automatically until /CS is pulled high to terminate the instruction.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read
instructions.

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the wrap
around section within a page.

Fast Read Quad I/O with 4-Byte Address (ECh) in QPI Mode

The Fast Read Quad I/O with 4-Byte Address instruction is also supported in QPI mode, as shown
in Figure 80-Figure 81. When QP| mode is enabled, the number of dummy clocks is configured
by the “Set Read Parameters (COh)” instruction to accommodate a wide range of applications with
different needs for either maximum Fast Read frequency or minimum data access latency.
Depending on the Read Parameter Bits P[6:4] setting, the number of dummy clocks can be
configured as either 4-18. The default number of dummy clocks upon power up or after a Reset
instruction is 4. In QPI mode, the “Continuous Read Mode” bits M7-0 are also considered as
dummy clocks. In the default setting, the data output will follow the Continuous Read Mode bits
immediately.

“Continuous Read Mode” feature is also available in QPI mode for Fast Read Quad I/O with 4-Byte
Address instruction. Please refer to the description on previous pages.

“Wrap Around” feature is not available in QPI mode for Fast Read Quad I/O with 4-Byte Address
instruction. To perform a read operation with fixed data length wrap around in QPl mode, a
dedicated “Burst Read with Wrap” (OCh) instruction must be used.

Figure 80. Fast Read Quad I/0 with 4-Byte Address (QPI Mode; Initial instruction or
previous M5-4#10)
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* = “Set Read Parameters” Instruction (COH) can set
the number of dummy clocks

Figure 81. Fast Read Quad /0 with 4-Byte Address (QPI Mode; Initial instruction or
previous M5-4=10)
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7.2.14 DTR Quad I/O Fast Read with 4- Byte Address (EEH)

The DTR Quad I/O Fast Read with 4- Byte Address (EEh) instruction is similar to the Fast Read Dual I/O
(BBh) instruction except that address and data bits are input and output through four pins 100, 101, 102
and 103 and Dummy clocks (can be configured using DC bits or COH instruction) are required in SPI
mode prior to the data output, as shown in Figure 82-Figure 85. The Quad Enable bit (QE) of Status
Register must be set to enable.

DTR Fast Read Quad 1/0 with “Continuous Read Mode”

The DTR Quad I/O Fast Read with 4-Byte Address instruction can further reduce instruction overhead
through setting the “Continuous Read Mode” bits (M7-0) after the input Address bits (A31-0) The upper
nibble of the (M7-4) controls the length of the next Fast Read Quad I/O instruction through the inclusion

or exclusion of the first byte instruction code. The lower nibble bits of the (M3-0) are don'’t care (“X”).
However, the 10 pins should be high-impedance prior to the falling edge of the first data out clock.

If the “Continuous Read Mode” bits M5-4 = (1,0), then the next DTR Quad I/O Fast Read with 4- Byte
Address instruction (after /CS is raised and then lowered) does not require the EEh instruction code, as
shown in Figure 83. This reduces the instruction sequence by eight clocks and allows the Read
address to be immediately entered after /CS is asserted low. If the “Continuous Read Mode” bits M5-4
do not equal to (1,0), the next instruction (after /CS is raised and then lowered) requires the first byte
instruction code, thus returning to normal operation.

When QPI mode is enabled, the number of dummy clocks is configured by the “Set Read
Parameters (COh)” instruction to accommodate a wide range of applications with different needs
for either maximum Fast Read frequency or minimum data access latency. Depending on the
Read Parameter Bits P[6:4] setting, the number of dummy clocks can be configured as either 4-18.
The default number of dummy clocks upon power up or after a Reset instruction is 4. Please note
that the number of dummy includes M7-0.

Figure 82. DTR Quad /O Fast Read with 4- Byte Address (SPI Mode; Initial instruction or
previous M5-4#10)

s T\ .
,,,,, 12 4 5 6 7 8 9 10 11 12 13 19 20 2
S 5 S 1 1 1 O e e
SI Instruction )‘ \\
a0y //X EEH RO OO OO OO OO 00—
SO High 7 PN A AN A NN
o1 D O ) O G260 DK U
/WP High Z AU U NP | L~
102) EX2 X626 X262 \yw%z
/HOLD High Z A~ AL~ 4
(103) ¢ ) (N E) €Y P €Y €€} O 6
A31-24/ A23-16 | A15-8 | A7-0 | M7-0 |Dummy| Byte] | Byte2

Figure 83. DTR Quad I/O Fast Read with 4- Byte Address (SPI Mode; Initial instruction or
previous M5-4=10)

/CS

SCLK | T L L L LIl [

SI

O R .0 00 OO 00 O DXL —
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LR 00 10, G0 0% OO B (V0 Yo B

R R0 D20 OO OO O DX
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DTR Quad I/O Fast Read with 4- Byte Address with “8/16/32/64-Byte Wrap Around” in
Standard SPI mode

The DTR Quad I/O Fast Read with 4- Byte Address instruction can also be used to access a specific
portion within a page by issuing a “Set Burst with Wrap” (77h) instruction prior to EEh. The “Set Burst
with Wrap” (77h) instruction can either enable or disable the “Wrap Around” feature for the following EEh
instructions. When “Wrap Around” is enabled, the data being accessed can be limited to either an 8, 16,
32 or 64-byte section of a 256-byte page. The output data starts at the initial address specified in the
instruction, once it reaches the ending boundary of the 8/16/32/64-byte section, the output will wrap
around to the beginning boundary automatically until /CS is pulled high to terminate the instruction.

The Burst with Wrap feature allows applications that use cache to quickly fetch a critical address and
then fill the cache afterwards within a fixed length (8/16/32/64-byte) of data without issuing multiple read
instructions.

The “Set Burst with Wrap” instruction allows three “Wrap Bits”, W6-4 to be set. The W4 bit is used to
enable or disable the “Wrap Around” operation while W6-5 are used to specify the length of the wrap
around section within a page.

DTR Quad I/O Fast Read with 4- Byte Address (EEh) in QPI Mode

“Continuous Read Mode” feature is also available in QPl mode for DTR Quad I/O Fast Read with
4- Byte Address instruction.

“Wrap Around” feature is not available in QPI mode for Fast Read Quad I/O instruction. To perform a
read operation with fixed data length wrap around in QPI mode, a dedicated “Burst Read with Wrap”
(OCh) instruction must be used.

Figure 84. DTR Quad I/O Fast Read with 4- Byte Address (QPI Mode; Initial instruction or
previous M5-4#10)

/CS

Mode3 0 1 2 3 4 5.6 2 13 14 15
sk woiol | [ | LN 1T
Instruction; ! ! I | o |
i EEH "} A31-24 | A23-16 |
(I%IO) K28 < 24420 160112 8 )

i i — I i
i A7_o 31 Dummy Clocks* )i D‘:M ()El li [)i:la OE? 777777
1)} S 0 w40

aon /7 129

/WP
(I102)
/HOLD 77 ool sl A sl
a3y /S 131 276 23 4} 3

"MSB |

[ANZN a4 /
MSB ~ MSB

* = “Set Read Parameters” Instruction (COH) can set the number of dummy clocks
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Figure 85. DTR Quad I/0 Fast Read with 4- Byte Address (QPI Mode; Initial instruction or
previous M5-4=10)

S
I 0 1 2 3 4 5112 13
S % S N (N T I A I S R e -
SI
100)  ———< XD OXEXD——
S0
(o) ——— XD DKEDEN DX
/WP
R T0 O0 G0 00 GO N O OV B
10y —— DDA DODEDG DX
A31-241 A23-16 | A15-8 | A7-0 | M7-0 [Pummy*| Byic] | Byte2

*= “Set Read Parameters” Instruction (COH) can set the number of dummy clocks
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7.2.15 Set Burst with Wrap (77H)

See Figure 86-Figure 87, The Set Burst with Wrap instruction is used in conjunction with “EBH”,
“EDH”, “ECH”, “EEH” instructions to access a fixed length of 8/16/32/64-byte section within a
256-byte page, in standard SPI mode.

The Set Burst with Wrap instruction sequence:/CS goes low ->Send Set Burst with Wrap
instruction ->Send24 Dummy bits ->Send 8 bits” Wrap bits”->/CS goes high.

If W6-4 is set by a Set Burst with Wrap instruction, all the following “EBH”, “EDH”, “ECH”, “EEH”
instructions will use the W6-4 setting to access the 8/16/32/64-byte section within any page. To
exit the “Wrap Around” function and return to normal read operation, another Set Burst with Wrap
instruction should be issued to set W4=1. The default value of W4 upon power on is 1.

W4 =0 W4 =1 (DEFAULT)
W6 , W5
Wrap Around Wrap Length Wrap Around Wrap Length
0 0 Yes 8-byte No N/A
0 1 Yes 16-byte No N/A
1 0 Yes 32-byte No N/A
1 1 Yes 64-byte No N/A

Figure 86. Set Burst with Wrap Sequence Diagram (SPI Mode only/3-Byte Address Mode)

/CS

Mode3 0 1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 Mode3
SCLK  Mode 0!

— Instruction  ————))|

SI
(IOO) 7TH /
S High 7
(101)
/WP High 7
102) '
/HOLD High 7 ‘ . i High 7
oL OO0 00

/CS

14 15 16 17 Mode 3

SCLK

Instruction

SI
(100)

—
< 00@6@0@@@ e

77H

(103)

a8 s eeeoaoe®®ﬁz
s e RO R T

OO DO R

bytel ' byte2 ' pyte3 ‘ byte4 ‘ byteS

7.2.16 Set Read Parameters (COH)

In QPI mode, to accommodate a wide range of applications with different needs for either
maximum read frequency or minimum data access latency, “Set Read Parameters (COh)”
instruction can be used to configure the number of dummy clocks for “OBH”, “EBH”, “ECH”, “OCH”
86/153
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“EDH”, “EEH”, “OEH”, “4BH”, “48H” and “5AH” instructions, as shown in Table 16, and to configure
the number of bytes of “Wrap Length” for the “OCH” and “OEH” instruction.

Table 16. Instructions that configurable dummy number

Mode Instruction
Fast Read 0Bh
Fast Read Quad I/O EBh
Fast Read Quad I/O with 4-Byte Address ECh
Burst Read with Wrap 0Ch
QPI DTR Fast Read Quad I/O EDh
DTR Quad I/O Fast Read with 4- Byte Address EEh
DTR Burst Read with Wrap OEh
Read Unique ID Number 4Bh
Read Security Registers 48h
Read Serial Flash Discoverable Parameter 5Ah

In Standard SPI mode, the “Set Read Parameters (COh)” instruction is not accepted. The dummy
clocks for various Fast Read instructions in Standard/Dual/Quad SPI mode are fixed, please refer
to the Instruction Table 14 for details. The “Wrap Length” is set by W5-4 bit in the “Set Burst with
Wrap (77h)” instruction. This setting will remain unchanged when the device is switched from
Standard SPI mode to QPI mode.

The default “Wrap Length” after a power up or a Reset instruction is 8 bytes, the default number of
dummy clocks is 4 (STR ) or 6 (DTR). The number of dummy clocks is only programmable for
“OBH”, “EBH”, “ECH”, “OCH”, “EDH”, “EEH”, “OEH”, “4BH”, “48H” and “5AH” instructions in the QPI
mode. Whenever the device is switched from SPI mode to QPIl mode, the number of dummy
clocks should be set again, prior to any “0BH”, “EBH”, “ECH”, “OCH”, “EDH”, “EEH”, “OEH”, “48H”
and “5AH” instructions.

Table 17 shows the configuration of dummy numbers for STR instructions (“OBH”, “EBH”, “ECH”,
“0CH™, “48H” and “5AH”), and

Table 18 shows the configuration of dummy numbers for DTR instructions (“EDH”, “EEH”, “OEH").

Table 17. Configuration of the number of dummies for STR instructions

DUMMY
P6 — P4 CLOCKS MAXIMUM READ FREQ. T
P1-P0 | | ENGTH
W/O DQS with DQS
000 4 66 MHz 66 MHz
0 o0 8-byte
001 6 108 MHz 108 MHz
010 8 133 MHz 133 MHz
0 1 16-byte
011 10 150 MHz 150 MHz
100 12 166 MHz 166 MHz
1 0 32-byte
101 14 166 MHz 188 MHz
110 16 166 MHz 200 MHz
1 1 64-byte
111 18 166 MHz 200 MHz
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Table 18. Configuration of the number of dummies for DTR instructions
DUMMY
P6 - P4 cLOCKS MAXIMUM READ FREQ. o1 PO WRAP
WIO DQS with DQS H=des
000 6 66 MHz 66 MHz
0 o 8-byte
001 8 84 MHz 84 MHz
010 10 104 MHz 104 MHz
0 1 16-byte
011 12 104 MHz 133 MHz
100 14 104 MHz 150 MHz
1 0 32-byte
101 16 104 MHz 166 MHz
110 18 104 MHz 188 MHz
1 1 64-byte
1711 20 104 MHz 200 MHz
Figure 88. Burst Read with Wrap (QPI Mode only)
/CS
Mode 3 0 1 2 3 Mode 3
SCLK  Mode 0 | ‘
Instructio ‘:
< COH > Paramters
SI L/ o\ S S
P4 X PO
(100) \7>Q LLL
S0 ———
K P5
(101) Vs
/WP —
Gony LS ///
(103) LAL
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7.2.17 Burst Read with Wrap (0CH)

The “Burst Read with Wrap (0Ch)” instruction provides an alternative way to perform the read
operation with “Wrap Around” in QPI mode. The instruction is similar to the “Fast Read (0Bh)”
instruction in QPIl mode, except the addressing of the read operation will “Wrap Around” to the
beginning boundary of the “Wrap Length” once the ending boundary is reached.

The “Wrap Length” and the number of dummy clocks can be configured by the “Set Read
Parameters (COh)” instruction

Figure 89. Burst Read with Wrap (QPI Mode only/3-Byte Address Mode)

/CS
,,,,, Mde3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
sax oo 1L LU
ftnetiog A23°16 - Al5- 8 | AT 0 3 Dummy* P f0s switch from

ST :In ut to Ou:t ut
(100) O 90@ 0 4 X0 @@@
(18(?1> 6060 o 5 XAXE 15
(102 (X2 @QG 2 0000
me 777\
(103)

MSB MSB MSB MSB WSB MSB
‘ ! ! Bytel Byte2 | Byte3

*” Set Read Paraments” instruction(COh)can
set the number of dummy clocks.

Figure 90. Burst Read with Wrap (QPI Mode only/4-Byte Address Mode)

/CS

_____ Mde3 =~ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
rarernisininininiinisininininininininin Nl

Instruction _ 1 ' ' . ! ! - 10s switch from
< A31-24 | A23-16 A15-8 } A7T-0 Dummy* | - :Input to Ou}tput

i o0 60 0060
MNP O'® D0 0O 00 o0
AN © 6 00 00 0000a

MSB | MSB | MSB | MSB ; MSB IMSB IMSB
' ! Bytel | Byte2 ' Byte3

*” Set Read Paraments” instruction(COh)can
set the number of dummy clocks.
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7.2.18 DTR Burst Read with Wrap (0EH)

The “DTR Burst Read with Wrap (OEh)” instruction provides an alternative way to perform the read
operation with “Wrap Around” in QPI mode. The instruction is similar to the “Fast Read (0Bh)”
instruction in QPIl mode, except the addressing of the read operation will “Wrap Around” to the
beginning boundary of the “Wrap Length” once the ending boundary is reached.

The “Wrap Length” can be configured by the “Set Read Parameters (COh)” instruction.
The number of dummy clocks is configured by the “Set Read Parameters (COh)” instruction to
accommodate a wide range of applications with different needs for either maximum Fast Read

frequency or minimum data access latency. Depending on the Read Parameter Bits P[6:4] setting,
the number of dummy clocks can be configured as either 6-20.

Figure 91. DTR Burst Read with Wrap (QPI Mode only/3-Byte Address Mode)

S 1 o W

}‘“—t’| A23-16 1 AI5-8 | AT-0 | «8 Dumny Clocks#. input to Quiput
777\ KXoX XXX oy 00’0’0 c

(100)

o TTTN\ oaaoaoi XOXEXXE
o 777\ aooeoe‘ 00 00

y |

o 777\ aooenoz COGXDGXT

MSB

Bytel ' Byte2  Byte3
*= “Set Read Parameters” Instruction (COH) can set the number of dummy clocks

Figure 92. DTR Burst Read with Wrap (QPI Mode only/4-Byte Address Mode)
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*= “Set Read Parameters” Instruction (COH) can set the number of dummy clocks
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7.3 ID and Security Instructions
7.3.1 Read Manufacture ID/ Device ID (90H)

See Figure 93-Figure 94, The Read Manufacturer/Device ID instruction is an alternative to the
Release from Power-Down/Device ID instruction that provides both the JEDEC assigned
Manufacturer ID and the specific Device ID.

The instruction is initiated by driving the /CS pin low and shifting the instruction code “90H”
followed by a 24-bit address (A23-A0) of 000000H, regardless of the 3-byte or 4-byte Address
Mode.

Figure 93. Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode)
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SO Hgh
/CS  ——--
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8 7777 N\ AKX XXX LT
o EXDEXDEXD (777
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7.3.2 Dual I/0O Read Manufacture ID/ Device ID (92H)

See Figure 95-Figure 96, the Dual /0 Read Manufacturer/Device ID instruction is an alternative
to the Release from Power-Down/Device ID instruction that provides both the JEDEC assigned
Manufacturer ID and the specific Device ID by Dual I/0.

The instruction is initiated by driving the /CS pin low and shifting the instruction code “92H”
followed by a 24/32-bit address (A23/31-A0) of 000000/00000000H. If the 24/32-bit address is
initially set to 000001/00000001H, the Device ID will be read first.

Figure 95. Dual /O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode/3-Byte
Address Mode)

s T\

-1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

|€——— Instruction ——Pp| Dum

S o ooeaooooooooo 00
S oooooooooeoo

/CS

SCLK

SCLK 23 24 25 26 27 28 29 30 31 32 39 40 41 42 43 44 45 46 47

Aruuuyuee
kxnuMuuyﬁ—@i

I0s switch from
Inputl to Output

IMSB IMSB (T (rcpeat)
MFR ID Device ID MFR ID(repeat) Dev1ce lD(repeat)

Figure 96. Dual I/O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode/4-Byte
Address Mode)

/CS \

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

[€——— Instruction ———P A31-24 A23-16 AlSS A7 0
ST 77 \/ \/ /\/r\/ /L/\/_\ /_\/ N
92 X6 X a X 2% o 6 06 4 0 6 X ax2xXo
(100) / \v><J/ (\A 2N _/\_/* JK >< /< \\

5, res @@@x&%}»«@@@@@@

MSB

/CS

24 25 26 27 28 29 30 31 32 33 34 35 36 43 40 41 42 44 45 46 47
S \ | R
sax [ 1L M . UL
| ‘ 10s sw,‘Ltch from ' ;‘ ; i
Dummy Input to Output | !
o \ N High 7
(100) /i><><j/x /1\/2 /\ WF\)/ . \<_\/2 /B\(s N \/’TX >
\_/\ / N\ \_/ N\ i
_\ - VA High 7
AN N\ /. / !
01000 0000000000 8e %X“CMV O
M5B MSB ‘MSB MFR and Device ID (repeat) | IMSB ‘MSB |
MER ID Device ID MER ID(repeat) Device ID(repeat)

7.3.3 Quad I/O Read Manufacture ID/ Device ID (94H)

See Figure 97-Figure 98, the Quad 1/0 Read Manufacturer/Device ID instruction is an alternative
to the Release from Power-Down/Device ID instruction that provides both the JEDEC assigned
Manufacturer ID and the specific Device ID by quad I/O. The Quad Enable bit (QE) of Status
Register must be set to enable.
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The instruction is initiated by driving the /CS pin low and shifting the instruction code “94H”
followed by a 24/32-bit address (A23/31-A0) of 000000H and 6 dummy clocks. If the 24/32-bit
address is initially set to 000001/00000001H, the Device ID will be read first.

Figure 97. Quad I/O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode/3-Byte
Address Mode)

/CS \
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCLK |
10s” syitch from
K— — Instruction —N A23- 16' Al5-8 | A7-0 ' dummy h/_:_Input jto Output
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100) o4
o e
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25 26 27 28 29 30 31

SCLK WMLFIJ—U_LHH____
(100) ' ooo@oo L

ﬁ):OOOOOONm”
poeoooeﬁﬂﬂ-

|

|

| .
Hor 0909000 D
a103) IMSB MQB IVSB |M§B |

IMFR IDI DID IDIMFR ID | DID D!
| (repeat) (repeat)! (repeat) |(repeat) !

aoz)

Figure 98. Quad I/O Read Manufacture ID/ Device ID Sequence Diagram (SPI Mode/3-Byte
Address Mode)
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7.3.4 Read JEDEC ID (9FH)

The JEDEC ID instruction allows the 8-bit manufacturer identification to be read, followed by two
bytes of device identification. The device identification indicates the memory type in the first byte,
and the memory capacity of the device in the second byte. JEDEC ID instruction while an Erase or
Program cycle is in progress, is not decoded, and has no effect on the cycle that is in progress.
The JEDEC ID instruction should not be issued while the device is in Deep Power-Down Mode.

See Figure 99-Figure 100, the device is first selected by driving /CS to low. Then, the 8-bit
instruction code for the instruction is shifted in. This is followed by the 24-bit device identification,
stored in the memory, being shifted out on Serial Data Output, each bit being shifted out during the
falling edge of Serial Clock. The JEDEC ID instruction is terminated by driving /CS to high at any
time during data output. When /CS is driven high, the device is put in the Standby Mode. Once in
the Standby Mode, the device waits to be selected, so that it can receive, decode and execute
instructions.

Figure 99. JEDEC ID Sequence Diagram (SPI Mode)

s o
0O 1 2 3 4 5 6 7 8 9 10 11 12 I3 14 I5

seek U UULNHUUULDUUL
st _///X 9FH o
}47 Instruction Manufacturer ID ——— P
SO 7 X6 X5 X4 X3 2 X1 X0 -—---
MSB
/€S "Tl¢ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
SCLK
SI
Memory Type ID15-ID8 —p——— Capacity ID7-ID0 ———P
50 - OO 0O OO B

MSB MSB

IPs switch fiiom |

Instruction <«
< OFH ’l Ipput to Outgut |

(100) N 09@90'11
B TTIN_NEXDEX XX K77

LS TANI A © ©.0 0.0 0 VIV

pro 0600000 I
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! ! ID !
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7.3.5 Read Unique ID Number (4Bh)

The Read Unique ID Number instruction accesses a factory-set read-only 128-bit number that is
unique to each BY25FQM1GEL device. The ID number can be used in conjunction with user
software methods to help prevent copying or cloning of a system. The Read Unique ID instruction
is initiated by driving the /CS pin low and shifting the instruction code “4Bh” followed by four or five
bytes of dummy clocks in SPI mode. In QPI mode, it contains 3/4 bytes dummy and some dummy
that can be configured by the “Set Read Parameters (COh)” instruction. After which, the 128-bit ID
is shifted out on the falling edge of SCLK as shown from Figure 106 to Figure 109.

Figure 101. Read Unique ID Sequence Diagram (SPI Mode/3-Byte Address Mode)

Mode_3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

|<— Instruction —>|<— Dummy Byte 1 ﬁk— Dummy Byte 2 —>|

Sl X BH
S0 High Z
/S
__________ 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 30 40 Al 164 165 166 167  Mode 3
SCIK Mode 0

|<— Dummy Byte 3 —bld— Dummy Byte 4 —_—

» g 7 (Xamy——EX X D——
| M5B 128-bit Unique
! Serial Number I

Figure 102. Read Unique ID Sequence Diagram (SPI Mode/4-Byte Address Mode)

Mode_3 0 1 2 3 4 65 6 7 8 9 10 11 12 13 14 156 16 17 18 19 20 21 22 23

|¢——  Instruction ———}#——— Dummy Byte | ————|€——— Dummy Byte 2 ———
St X 4BH

SO High 7

/cs

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 172 173 174 175 Mode_3_
Mode 0

sck

|¢———  Dumy Byte 3 ~———|¢——— Dumy Byte 4 ———|€——— Dumy Byte 5 ———>

SI

50 High 7 (121 X126
| MSB 128-bit Unique
-— —

Serial Number

BYT Semiconductor 95/153 BY25FQM1GEL



BYT
Semiconductor

QA-DT-174
Rev. 1.2

Figure 103. Read Unique ID Sequence Diagram (QPI Mode/3-Byte Address Mode)

Instruction
SI
ao) /// N\

Dummy
Byte 1 :

SO OC

SO

(101) M@Q
TN OO OO
(102) 41£ili;£ig//

/HOLD

(103) ZZA/Y X XMSBX )

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks

128-bit Unique |

86 87 88

Serial Number

89 Mode_3

Figure 104. Read Unique ID Sequence Diagram (QPI Mode/4-Byte Address Mode)

ST

ao ///
S0 |

(to1) M@@@
aon /) LM
/HOLD
RrANE O Ok

Instruction Dummy
4BH Byte 1 |

10 11
Dummy : Dummy ' D y
Byte 3 | Byte 4 <«— >

MSB

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks

\ §

Do
WSB! 98-bit Unique
Serial Number
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7.3.6 Deep Power-Down (B9H)

Although the standby current during normal operation is relatively low, standby current can be
further reduced with the Deep Power-down instruction. The lower power consumption makes the
Deep Power-down (DPD) instruction especially useful for battery powered applications (see ICC1
and ICC2). The instruction is initiated by driving the /CS pin low and shifting the instruction code
“B9h” as shown in Figure 105-Figure 106

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Deep
Power down instruction will not be executed. After /CS is driven high, the power-down state will
entered within the time duration of tDP. While in the power-down state only the Release from Deep
Power-down/Device ID instruction, software reset sequence or hardware reset sequence, which
restores the device to normal operation, will be recognized. All other Instructions are ignored. This
includes the Read Status Register instruction, which is always available during normal operation.
Ignoring all but one instruction also makes the Power Down state a useful condition for securing
maximum write protection. The device always powers-up in the normal operation with the standby
current of ICC1.

Figure 105. Deep Power-Down Sequence Diagram (SPI Mode)

/CS

01 2 345 6 7 ¢ O°Pp

}47 Instruction —h
SI X BOH XTI T T

Stand-by mode Power-down mode

)
|4

Figure 106. Deep Power-Down Sequence Diagram (QPI Mode)

| Instructionl ‘
BOH

oy LLL \LLLLLLLLN LSS S
aony LLLS NLLLLLLLLLALL LS
(Lo [ L

wow 777/ \LLLLLLLLAL LSS

Stand-by mode Power down mode

»
-

\
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7.3.7 Release from Deep Power-Down/Read Device ID (ABH)

The Release from Power-Down or Device ID instruction is a multi-purpose instruction. It can be
used to release the device from the Power-Down state or obtain the devices electronic
identification (ID) number.

See Figure 107-Figure 108, to release the device from the Power-Down state, the instruction is
issued by driving the /CS pin low, shifting the instruction code “ABH” and driving /CS high Release
from Power-Down will take the time duration of tRES1 (See AC Characteristics) before the device
will resume normal operation and other instruction are accepted. The /CS pin must remain high
during the tRES1 time duration.

When used only to obtain the Device ID while not in the Power-Down state, the instruction is
initiated by driving the /CS pin low and shifting the instruction code “ABH” followed by 3-dummy
byte. The Device ID bits are then shifted out on the falling edge of SCLK with most significant bit
(MSB) first as shown in Figure 109-Figure 110. The Device ID value for the BY25FQM1GEL is
listed in Manufacturer and Device Identification table. The Device ID can be read continuously.
The instruction is completed by driving /CS high.

When used to release the device from the Power-Down state and obtain the Device ID, the
instruction is the same as previously described, and shown in Figure 109-Figure 110, except that
after /CS is driven high it must remain high for a time duration of tRES2 (See AC Characteristics).
After this time duration the device will resume normal operation and other instruction will be
accepted. If the Release from Power-Down/Device ID instruction is issued while an Erase,
Program or Write cycle is in process (when WIP equal 1) the instruction is ignored and will not
have any effects on the current cycle.

Figure 107. Release Power-Down Sequence Diagram (SPI Mode)

/CS
_____ 0 1 2 3 45 6 7 &R
SCLK
4—— Instruction —}{ |
SI X ABH XL T
Power-down mode Stand-by mode >

Figure 108. Release Power-Down Sequence Diagram (QPI Mode)

I Instructionl |
ABII

awon 277\ ) NI/ 777777
oS Tl L7/ 777777
e [/ TT77 777777777777

w777/ N\LLLLLLLLALL LS

Power_down mode Stand-by mode

[
-

\

BYT Semiconductor 98/ 153 BY25FQM1GEL



QA-DT-174

% ém..l. BYT
J Semiconductor Rev. 1.2

Figure 109. Release Power-Down/Read Device ID Sequence Diagram (SPI Mode)

/CS

77777777 0 1 2 3 4 5 6 7 8 9 29 30 31 32 33 34 35 36 37 38 39 . _____
e 8 S T I 1 Wﬂm -

[¢—— Instrucion ———p¢—— 3 Dummy Bytes —P) 4—tRES2 —py
SI ABH 2322 210X
. MSB Device ID
50 High 7 765 X4 <321 X0
MSB N

v
Deep Power-down mode Stand-by mode

Figure 110. Release Power-Down/Read Device ID Sequence Diagram (QPI Mode)

/CS \ «— tRES2 —p

__ Mode 3__ 0 1 2 3 4 5 6 7 8 9| _ _ L Mdes
SCLK Mode 0 b Mode 0
< 3 Dumy Byte —— ot to oo
o 1 X O X 1 X OXAX XXX LSS LSS LSS

0 XXX XX XXX LI T T T7777
I7AN XXXXXAX XX LT T T 7777777

w7777 ao@aodyg/UNVNWWﬁ

Power—down current |Stand—by current
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7.3.8 Read Security Registers (48H)

See Figure 111-Figure 114, the instruction is followed by a 3/4-byte address (A23/31-A0) and the
dummy byte. In QPI mode, the number of dummy can be configured by the “COh” instruction. Each
bit being latched-in during the rising edge of SCLK. Then the memory content, at that address, is
shifted out on SO, each bit being shifted out, at a Max frequency Fr, during the falling edge of
SCLK. The first byte addressed can be at any location. The address is automatically incremented
to the next higher address after each byte of data is shifted out. Once the A8-A0 address reaches
the last byte of the register (Byte FFH), it will reset to 000H, the instruction is completed by driving
/CS high.

ADDRESS A23/31-A16 A15-12 A11-9 A8-0
Security Register #1 0OH/0000H 0001 000 Byte Address
Security Register #2 00H/0000H 0010 000 Byte Address
Security Register #3 00H/0000H 0011 000 Byte Address

Figure 111. Read Security Registers instruction Sequence Diagram (SPlI Mode/3-Byte
Address Mode)

/CS N

SL X 48l 2:3/@ 77777777 (3 X2 X1 X0 e
o MSB

50 vighz

/CS

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 Mode 3

e N O

57 Dummy Byte ———»
ST (T 65X X3 X 1X0X /177177
) MSB I )" ata Byro 1
S0 \:;‘1@5%&##1}0
MSB
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Figure 112. Read Security Registers instruction Sequence Diagram (SPlI Mode/4-Byte
Address Mode)

/CS N

9 36 37 38 39

Mode 3 0 1 2 3 4 5 6 7 8
s oo (LT LU U UL UL

}47 Instruction ———— 32-Bit Address ——
ST // // /'// /‘A,‘\\ 481 (e \ YoraV ,
S0 Wighz ™™ |
/S /

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 Vode 3
SeLk | JEEEEREREERERERE

47 Dummy Byte ——>

ST . A4, ix& X0 X / / )/ // / / / / '/ /"/ /] / / ’,’/ / /) / // /
MSR Ddld Byl( 1
Ay N\ \

Figure 113. Read Security Registers instruction Sequence Diagram (QPl Mode/3-Byte
Address Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

.
SCLK  Mode 0 A
Instructlol

I Dummy* | !
A23-16 ‘ Al5-8 | A7-0 H—N Data Out 1! Data Out 2! Data Out 3/Data Out 4

M; BHEETPEEEETSE
AN TR0 OO & ODOOD..—
RN/ X0 OO e N Y0 O e

0

| |
| I
| |
I )

(/ARSI D GOS0 OO e

MSB MSB 'MSB JMSB 7777777

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks

Figure 114. Read Security Registers instruction Sequence Diagram (QPI Mode/4-Byte
Address Mode)

SMMM\JUJILUI;ijﬂ:jjUUMIHI ffffff

}E‘M A3124 | A2316 | AISS | AT HmpDataOutl Data Out 2}D ta Out 3 Data Out 4
SI s N —~ / -
28244720016 1120 8 1 4 04 0
RO IEARERS 4
% N NN
K21 17 K13 9 5
N\ N N\
: b
% VAN
p ey ——
3

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks
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7.3.9 Erase Security Registers (44H)

The BY25FQM1GEL provides three 1024-byte Security Registers which can be erased and
programmed individually. These registers may be used by the system manufacturers to store
security and other important information separately from the main memory array.

See Figure 115-Figure 118, the Erase Security Registers instruction is similar to Block/Sector
Erase instruction. A Write Enable instruction must previously have been executed to set the Write
Enable Latch bit.

The Erase Security Registers instruction sequence: /CS goes low sending Erase Security
Registers instruction /CS goes high. /CS must be driven high after the eighth bit of the instruction
code has been latched in otherwise the Erase Security Registers instruction is not executed. As
soon as /CS is driven high, the self-timed Erase Security Registers cycle (whose duration is tSE) is
initiated. While the Erase Security Registers cycle is in progress, the Status Register may be read
to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during
the self-timed Erase Security Registers cycle, and is 0 when it is completed. At some unspecified
time before the cycle is completed, the Write Enable Latch bit is reset. The Security Registers
Lock Bit (LB) in the Status Register can be used to OTP protect the security registers. Once the LB
bit is set to 1, the Security Registers will be permanently locked; the Erase Security Registers
instruction will be ignored.

ADDRESS A23/31-A16 A15-12 A11-9 A8-0
Security Register #1 00H/0000H 0001 000 Byte Address
Security Register #2 00H/0000H 0010 000 Byte Address
Security Register #3 0OH/0000H 0011 000 Byte Address

Figure 115. Erase Security Registers instruction Sequence Diagram (SPlI Mode/3-Byte
Address Mode)

CS

Mode 3 0 1 2 3 4 5 6 7 8 9 29 30 31 Mode 3

}47 Instruction 4*_ 24-Bit Address 4){
Sl X 441 23222 XXX/ ][] ]
MSB

Figure 116. Erase Security Registers instruction Sequence Diagram (SPl Mode/4-Byte
Address Mode)

/CS

sak wode o | L] LT LILT LT LTI LT HMO
H Instruction —)’1— 32-Bit Address Aﬂ
sl 4411 330>---2 XXX [ ]]

MSB
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Figure 117. Erase Security Registers instruction Sequence Diagram (QPl Mode/3-Byte
Address Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 Mode 3
SCLK

Instructio

A23-16 | AlS8 | A7-0

don ZZ \ /Q<1
s
105y

Figure 118. Erase Security Registers instruction Sequence Diagram (QPl Mode/4-Byte
Address Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 Mode 3

Instructio | |
A31-24 1 A23-16 | Al15-8 ‘ A7-0

AN @@@@ 00(1
&8 77\ @@00@06 X//

Wy LS s @@@0604
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7.3.10 Program Security Registers (42H)

See Figure 119-Figure 122, the Program Security Registers instruction is similar to the Page
Program instruction. It allows from one byte to 1024 bytes of security register data to be
programmed by four times (one time program 256 bytes). A Write Enable instruction must
previously have been executed to set the Write Enable Latch bit before sending the Program
Security Registers instruction. The Program Security Registers instruction is entered by driving
/CS Low, followed by the instruction code (42H), 3/4-byte address and at least one data byte on SI.
As soon as /CS is driven high, the self-timed Program Security Registers cycle (whose duration is
tPP) is initiated. While the Program Security Registers cycle is in progress, the Status Register
may be read to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit
is 1 during the self-timed Program Security Registers cycle, and is 0 when it is completed. At some
unspecified time before the cycle is completed, the Write Enable Latch bit is reset.

If the Security Registers Lock Bit (LB3/LB2/LB1) is set to 1, the Security Registers will be
permanently locked. Program Security Registers instruction will be ignored.

ADDRESS A23/31-A16 A15-12 A11-10 A9-0
Security Register #1 00H/0000H 0001 00 Byte Address
Security Register #2 00H/0000H 0010 00 Byte Address
Security Register #3 0OH/0000H 0011 00 Byte Address

Figure 119. Program Security Registers instruction Sequence Diagram (SPI Mode/3-Byte
Address Mode)

/CS
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39
SCLK Mode 0 | L) L) L) L) L) L)L) Lo o Lo ] _—
44— Instruction——pl¢———24-Bit Address———P¢————— Data Byte I——Pl
o o BB B DD T BT
5 MSB
MSB
/CS
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 2072 2073 2074 2075 2076 2077 2078 2079 Mode 3
SCLK Mode 0
¢—— Data Byte 2 ———p¢———Data Byte 3————p ——— Data Byte 256 ———H
T OB BN IXOTAEE DB XL X DX TTT]
MSB MSB MSB

Figure 120. Program Security Registers instruction Sequence Diagram (SPl Mode/4-Byte
Address Mode)

/CS

/CS

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 2080 2081 2082 2083 2084 2085 2086 2087 Mode 3

SCLK  _ Mode 0

¢ Data Byte 2 ——p4¢————Data Byte 3 ———) [4——— Data Byte 256 ——P|
OO OO0 GO0 000T

0--<1X6 5 XX 32 XXX/

MSB MSB MSB

ST
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Figure 121. Program Security Registers instruction Sequence Diagram (QPI Mode/3-Byte
Address Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 518 519 Mode3
,,,,,,,,,,,,,,
SCLK  Mode 0! || [ [ Modeo
Instructlo 77777

€ A23-16 | AISS | AT bata byte 1 Dala byte 2 Data byte 256

A TANN > OO OO O >@ 0074
aoh /N s @060 XL

(102) ‘ | ; /.
B T\ DDA DT

Figure 122. Program Security Registers instruction Sequence Diagram (QPlI Mode/4-Byte
Address Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 520 521 Mode3

,,,,,,,,,,,,,,

SCLK  Mode 0! Mode 0

Instructio: !
Hﬁmmx | A2316 | AIS8 | AT0 DatabytelDatabyte2 Data byte 256

IO 00 O OOR 77
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7.3.11 Read Serial Flash Discoverable Parameter (5AH)

See Figure 123-Figure 124,The Serial Flash Discoverable Parameter (SFDP) standard provides
a consistent method of describing the functional and feature capabilities of serial flash devices in a
standard set of internal parameter tables. These parameter tables can be interrogated by host
system software to enable adjustments needed to accommodate divergent features from multiple
vendors. The concept is similar to the one found in the Introduction of JEDEC Standard, JESD68
on CFIl. SFDP is a standard of JEDEC Standard No.216.

The Read SFDP instruction is initiated by driving the /CS pin low and shifting the instruction code
“5Ah” followed by a 24-bit address (A23-A0) into the Sl pin, regardless of the 3-byte or 4-byte
Address Mode. Eight “dummy” clocks are also required in SPI mode. In QPI mode, the number of
dummy clocks can be configured by the “Set Read Parameters (COh)” instruction.

Figure 123. Read Serial Flash Discoverable Parameter instruction Sequence Diagram (SPI
Mode)

o 1 2 3 4 5 6 7 8 9 28 29 30 31

/// X Al (23223 X2 X1 X0)
0 High 7 ‘

/CS

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

%LKIJIJI 1L

Dummy Byte

10s switch from
Input to Output

Figure 124. Read Serial Flash Discoverable Parameter instruction Sequence Diagram (QPI
Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

SCLK  Mode 0 | l ,,,,,,,

<&jzﬁ@®@@ooo¢*f?3T$$mw “““
& P00 o;eo»o»a::
NIV O DD GOSN OO OO OOl
s 0 CTOOSO0 00 00

MSB 'MSB 'M@B 1MSB

* = “Set Read Parameters” Instruction (COH)
can set the number of dummy clocks
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Table 7.3.11.a. Signature and Parameter |dentification Data Values
L Add(H) DW Add
Description Comment (Byte) (Bit) Data Data
00H 07:00 53H 53H
Fixed:50444653H 01H 15:08 46H 46H
SFDP Signature xed:
02H 23:16 44H 44H
03H 31:24: 50H 50H
SFDP Minor Revision Start from 00H 04H 07:00 08H | O8H
Number
SFDP Major Revision Start from 01H 05H 15:08 01H 01H
Number
H“mber of Parameters Start from 00H 06H 23:16 02H 02H
eaders
Unused Contains 0xFFH and can 07H 31:24 FFH | FFH
never be changed
ID number (JEDEC) O0H: It indicates a JEDEC 08H 07:00 00H 00H
specified header
" X
1% Parameter Table Minor | -t rom 0x00H O9H 15:08 o7H | o7H
Revision Number
" X
1% Parameter Table Major | gyt rom 0x01H OAH 23:16 01H 01H
Revision Number
1t Parameter Table Length How many DWORDs in the .
(in double word) Parameter table OBH 31:24 10H 10H
OCH 07:00 30H 30H
1st Parameter Table Pointer First address of JEDEC Flash )
(PTP) Parameter table ODH 15:08 O0H O0H
OEH 23:16 O00H 00H
Unused Contains OxFFH and can OFH 31:24 FFH FFH
never be changed
ID Number LSB It is indicates BoyaDevice .
(Manufacturer ID) manufacturer 1D 10H 07:00 68H 68H
" X
2" Parameter Table Minor | gy 4 from ox00H 11H 15:08 OO0H 00H
Revision Number
" -
2" Parameter Table Major | gy 4 from ox01H 12H 23:16 01H 01H
Revision Number
" X
2" Parameter Table Length How many DWORDs in the 13H 31:24 03H 03H
(in double word) Parameter table
14H 07:00 90H 90H
2"4 Parameter Table Pointer First address of Boya Device .
(PTP) Flash Parameter table 15H 15:08 O0H O0H
16H 23:16 00H 00H
Contains OxFFH and can .
Unused never be changed 17H 31:24 FFH FFH
4-byte Address Instruction
39 Parameter ID LSB Table is assigned the ID LSB 18H 07:00 84H 84H
of FF 84h
” .
3y -arameter Minor Start from 0x00H 19H 15:08 01H 01H
evision
” ,
3 -arameter Major Start from 0x00H 1AH 23:16 01H | O1H
evision
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3 Parameter Length (in How many DWORDs in the .
double words) Parameter table 1BH 31:24 02H 02H
1CH 07:00 COH COH
39 Parameter Table Pointer First address of Boya Device .
(byte address) Flash Parameter table 1DH 15:08 00H 00H
1EH 23:16 00H 00H
4-byte Address Instruction
3 Parameter ID MSB Table is assigned the ID of 1FH 31:24 FFH FFH
FF84h
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Table 7.3.11.b. Parameter Table (0): JEDEC Flash Parameter Tables
. Add(H) DW Add
Description Comment (Byte) (Bit) Data Data

00: Reserved;
Block/Sector Erase Size | 0 4KB erase; 01:00 | 01b

10: Reserved;

11: not support 4KB erase
Write Granularity 0: 1Byte, 1: 64Byte or larger 02 1b
Write Enable Instruction . .

o 0: Nonvolatile status bit

Requ.ested for Wntl_ng to 1: Volatile status bit (BP status register bit) 30H 03 0b E5H
Volatile Status Registers

0: Use 50H Opcode,
Write Enable Opcode Select| 1: Use 06H Opcode,
for Writing to Volatile Status | Note: If target flash status register is 04 Ob
Registers Nonvolatile, then bits 3 and 4 must be set

to 00b.
Unused Contains 111b and can never be changed 07:05 111b
4KB Erase Opcode 31H 15:08 20H 20H
(1-1-2) Fast Read 0=Not support, 1=Support 16 1b

00: 3Byte only,
Address Bytes Number used| 01: 3 or 4Byte, 18:17 01b
in addressing flash array 10: 4Byte only, ’

11: Reserved
Doublle Transfer Rate (DTR) 0=Not support, 1=Support 32H 19 1b FBH
clocking
(1 -2-2) Fast Read 0=Not support, 1=Support 20 1b
(1 -4-4) Fast Read 0=Not support, 1=Support 21 1b
(1-1-4) Fast Read 0=Not support, 1=Support 22 1b
Unused 23 1b
Unused 33H 31:24 FFH FFH
Flash Memory Density 37H:34H 31:00 OFFFFFFFH
(1 -4-{1) Fast Read Number | 00000b: Wait states (Dummy Clocks) not 04:00 00100b
of Wait states support
(1 -4-4) Fast Read Number 38H 44H
of Mode Bits 000b:Mode Bits not support 07:05 010b
(1 -4-4) Fast Read Opcode 39H 15:08 EBH EBH
(1-1 -fl) Fast Read Number | 00000b: Wait states (Dummy Clocks) not 20:16 01000b
of Wait states support
(1 -1 -4) Fast Read Number 3AH 08H
of Mode Bits 000b:Mode Bits not support 23:21 000b
(1 -1 -4) Fast Read Opcode 3BH 31:24 6BH 6BH
1-1 -2) Fast Read Number | 00000b: Wait states (Dummy Clocks) not 04:00 01000b
of Wait states support
(1 -1 -2) Fast Read Number 3CH 08H
of Mode Bits 000b: Mode Bits not support 07:05 000b
(1 -1 -2) Fast Read Opcode 3DH 15:08 3BH 3BH
(1 -2-2) Fast Read Number | 0000b: Wait states (Dummy Clocks) not 20:16 00010b
of Wait states support
(1 -2-2) Fast Read Number 3EH 42+
of Mode Bits 000b: Mode Bits not support 23:21 010b
(1 -2-2) Fast Read Opcode 3FH 31:24 BBH BBH
(2-2-2) Fast Read 0=not support 1=support 00 0Ob
Unused 03:01 111b
(4-4-4) Fast Read 0=not support 1=support 40H 04 1b FEH
Unused 07:05 111b
Unused 43H:41H 31:08 |FFFFFFH| FFFFFFH
Unused 45H:44H 15:00 FFFFH FFFFH
(2-2-2.) Fast Read Number | 0 0000b: Wait states (Dummy Clocks) not 20:16 00000b
of Wait states support
(2-2-2) Fast Read Number 46H O0H
of Mode Bits 000b: Mode Bits not support 23:21 000b
(2-2-2) Fast Read Opcode 47H 31:24 FFH FFH
Unused 49H:48H 15:00 FFFFH FFFFH
(4-4-4) Fast Read Number | 0 0100b: Wait states (Dummy Clocks) 16 4AH 20:16 001 00b 44H
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of Wait states bits are needed
(4-4-4) Fast Read Number | 14 Mode Bits 8 mode bits are needed 23:21 010b
of Mode Bits
(4-4-4) Fast Read Opcode 4BH 31:24 EBH EBH
—YY —
Sector Type 1 Size Sector/block 3|z,e 2_ N bytes 0x00b: this 4CH 07:00 0CH 0CH
sector type don'’t exist
Sector Type 1 erase 4DH 15:08 20H 20H
Opcode
P——Y ——
Sector Type 2 Size Sector/block size 2. N bytes 0x00b: this 4EH 23:16 OFH OFH
sector type don't exist
Sector Type 2 erase 4FH 31:24 52H 52H
Opcode
——x ——
Sector Type 3 Size Sector/block 3|z‘e 2. N bytes 0x00b: this 50H 07:00 10H 10H
sector type don'’t exist
Sector Type 3 erase 51H 15:08 D8H D8H
Opcode
—YY —
Sector Type 4 Size Sector/block 3|z,e 2_ N bytes 0x00b: this 52H 23:16 00H 00H
sector type don'’t exist
Sector Type 4 erase 53H 31:24 FFH FFH
Opcode
Multiplier from typical erase time to
maximum erase time, 3:0 count
Formula: Erase Type n (or Chip) erase 54H 03:00 0010b 29H
maximum time = 2 * (count + 1) * Erase
Type n (or Chip) erase typical time
Erase Type 1 Erase, Typical time 07:04 0010b
8:4 count 08 Ob
Formula: typical time = (count + 1)*units 55H 10:09 01b 4AH
Erase Type (1:4) Typical Erase Type 2 Erase, Typical time 15:11 01001b
Erase Times and Multiplier | 17:16 units (00b: 1 ms, 01b: 16 ms, 10b:
Used To Derive Max Erase | 128 ms, 11b: 1s), 15:11 count 17:16 01b
Times Formula: typical time = (count + 1)*units 56H 05H
Erase Type 3 Erase, Typical time 22:18 00001b
24:23 units (00b: 1 ms, 01b: 16 ms, 10b: 23 Ob
128 ms, 11b: 1's), 22:18 count
Formula: typical time = (count + 1)*units 24 1b
Erase Type 4 Erase(DCh 256 kbyte 29:25 11111b
erase), Typical time 57H FFH
31:30 units (00b: 1 ms, 01b: 16 ms, 10b: .
128 ms, 11b: 1 s), 29:25 count 31:30 11b
Formula: typical time = (count + 1)*units
Multiplier from typical time to max time for
Page or .byte program, 3:9 cciunt 3:0 0010b
Formula: maximum time = 2 * (count +
1)*typical time 58H 82H
Page Size
This field specifies 'N' and is used to 74 1000b
calculate page size = 2*N bytes.
Page Program Typical time 12:08 01001b
13 units (0: 8 ps, 1: 64 pys), 12:8 count
Formula: typical page program time = 59H 13 1b E9H
. . ) (count + 1)*units
Chip Erase Typical Time, g 1o program Typical time, first byte 1514 | 11b
Byte Program and Page . . . .
P Tvoical Ti 18 units (0: 1 ps, 1: 8 ys), 17:14 count 17:16 00b
rogram typical fimes, Formula: first byte typical time = (count +
Page Size 1)*units 18 1b
Byte Program Typical time, additional byte 5AH 22:19 0010b 14H
23 units (0: 1 ps, 1: 8 ys), 22:19 count
Formula: additional byte time = (count + 23 Ob
1)*units/byte
Chip Erase, Typical time 28:24 01110b
30:29 units (00b: 16 ms, 01b: 256 ms, 10b:
4s,11b: 64 s), )
2824 count 5BH 30:29 10b CEH
Formula: typical time = (count + 1)*units
Reserved 31 1b
Erase/Program Prohibited Operations During Program 5CH 3:0 1101b EDH
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Suspend/Resume Support, | Suspend

Intervals, Latency, Keep Out| xxx1b: May not initiate a new erase in the
Area Size program suspended page size

xx0xb: May not initiate a new page
program anywhere (program nesting not
permitted)

x1xxb: May not initiate a read in the
program suspended page size

1xxxb: The erase and program restrictions
in bits 1:0 are sufficient

Prohibited Operations During Erase
Suspend

xxx0b: May not initiate a new erase
anywhere (erase nesting not permitted)
xx1xb: May not initiate a page program in
the erase suspended erase type size
x1xxb: May not initiate a read in the erase
suspended erase type size

1xxxb: The erase and program restrictions
in bits 5:4 are sufficient

74 1110b

Reserved 8 1b
Program Resume to Suspend Interval
12:9 count of fixed units of 64 ps

F . 5DH 12:9 0000b 61H
ormula: program resume to suspend

interval = (count + 1)*64 us

Suspend in-progress program max latency 15:13 011b

19:18 units (00b: 128ns, 01b: 1us, 10b: 17:16 10b

8us, 11b: 64us),

17:13 count

Formula: suspend in-progress program 19:18 01b

max latency = (count+1)*units 5EH 06H

Erase Resume to Suspend Interval

23:20 count of fixed units of 64us

Formula: erase resume to suspend interval
= (count + 1)*64 us

23:20 0000b

Suspend in-progress erase max latency 28:24 10011b
30:29 units (00b: 128ns, 01b: 1us, 10b:
8us, 11b: 64ps), 28:24 count

Formula: erase max latency = (count + 5FH 30:29 01b 33H
1)*units
Suspend / Resume supported
0: supported 31 Ob
1: not supported
Program Resume Instruction 60H 7:0 7AH 7AH
Program Suspend Instruction 61H 15:8 75H 75H
Resume Instruction
gLZ%Er:Z//ERSSSSme Instruction gsed to resume a write or erase 62H 23:16 7AH 7AH
Instructions type operation.
Suspend Instruction
Instruction used to suspend a write or 63H 31:24 75H 75H
erase type operation.
Reserved 1:0 11b
Status Register Polling Device Busy
xx_xxx1b: Use of legacy polling is 64H 07H
supported by reading the Status Register 7:2 000001b
with 05h instruction and checking WIP
bit[0] (O=ready; 1=busy).
Exit Deep Powerdown to next operation 12:8 10011b
Deep Powerdown and delay
Status Register Polling 14:13 units (00b: 128ns, 01b: 1us, 10b:
Device Busy 8us, 11b: 64us), 12:8 count 65H 14:13 01b B3H
Formula: exit Deep Powerdown to next
operation delay = (count+1)*units
Exit Deep Powerdown Instruction 15 1010
22:16 1011b
66H D5H
Enter Deep Powerdown Instruction 23 1011
67H 30:24 1001b 5CH
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Deep Powerdown Supported
0: supported
1: not supported

31

Ob

Hold and WP Disable
Function, Quad Enable
Requirements, 4-4-4 Mode
Enable/Disable Sequences,
0-4-4 Entry/Exit Methods
and Support

4-4-4 mode disable sequences
xxx1b: issue FFh instruction

4-4-4 mode enable sequences

68H

3:0

0001b

7:4

0001b

11H

x_xxx1b: set QE per QER description
above, then issue instruction 38h

0-4-4 mode supported
0: not supported, 1: supported

0-4-4 Mode Exit Method
x1_xxxxb: Mode Bit[7:0] # AXh

69H

Ob

1b

15:10

010000b

42H

0-4-4 Mode Entry Method
x1xxb: Mode Bit[7:0]=AXh

Quad Enable Requirements (QER)

100b: QE is bit 1 of status register 2. It is
set via Write Status with two data bytes
where bit 1 of the second byte is one. It is
cleared via Write Status with two data
bytes where bit 1 of the second byte is
zero. In contrast to the 001b code, writing
one byte to the status register does not
modify status register 2.

HOLD or RESET Disable

1: set bit 4 of the Non-Volatile Extended
Configuration Register = 0 to disable
HOLD or RESET

0: above feature is not supported

6AH

19:16

0100b

22:20

100b

23

Ob

44H

Reserved

6BH

31:24

FFH

FFH

32-bit Address Entry/Exit
Methods and Support, Soft
Reset and Rescue
Sequences, Volatile and
Nonvolatile Status Register
Support

Volatile or Non-Volatile Register and Write
Enable Instruction for Status Register 1
xxx_1xxxb: Non-Volatile/Volatile status
register 1 powers-up to last written value in
the non-volatile status register, use
instruction 06h to enable write to
non-volatile status register. Volatile status
register may be activated after power-up to
override the non-volatile status register,
use instruction 50h to enable write and
activate the volatile status register.

Reserved

6CH

6:0

0001000b

1b

88H

Soft Reset and Rescue Sequence Support
x1_xxxxb: issue reset enable instruction
66h, then issue reset instruction 99h. The
reset enable, reset sequence may be
issued on 1, 2, or 4 wires depending on the
device operating mode.

Exit 4-Byte Addressing

6DH

13:8

010000b

15:14

XX_XXxX_xxx1b: issue instruction E9h to
exit 4-Byte address mode (write enable
instruction 06h is not required)

6EH

23:16

00 0000
0001b

50H

00H

Enter 4-Byte Addressing
xXxx_xxx1b: issue instruction B7h
(preceding write enable not required)

6FH

31:24

0000
0001b

01H
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Table 7.3.11.c. Parameter Table (1): Boya Device Flash Parameter Tables
- Add(H) DW Add
Description Comment (Byte) (Bit) Data Data
Vce Supply Maximum 2000H=2.000V
Volta eppy 2700H=2.700V 91H:90H 15:00 3600H 3600H
9 3600H=3.600V
1650H=1.650V
Vce Supply Minimum 2250H=2.250V . .
Voltage 2350H=2 350V 93H:92H 31:16 2700H 2700H
2700H=2.700V
HW Reset# pin 0=not support 1=support 00 1b
HW Hold# pin 0=not support 1=support 01 1b
Deep Power Down _ _
Mode 0=not support 1=support 02 1b
SW Reset 0=not support 1=support 03 1b
Should be issue Reset .
SW Reset Opcode Enable(66H)before Reset cmd. 95H:94H 11:04 99H F99FH
Program _ _
Suspend/Resume 0=not support 1=support 12 1b
Erase _ -
Suspend/Resume 0=not support 1=support 13 1b
Unused 14 1b
Wrap-Around Read _ _
mode 0=not support 1=support 15 1b
Wrap-Around Read 96H 23:16 77H 77H
mode Opcode
08H:support 8B wrap-around
read
yyrap-Around Read 16H:8B&168B 97H 31:24 64H 64H
9 32H:8B&16B&32B
64H:8B&16B&32B&64B
Individual block lock 0=not support 1=support 00 Ob
Individual block lock
bit(Volatile/Nonvolatil 0=Volatile 1=Nonvolatile 01 Ob
e)
Individual block lock 09:02 FFH
Opcode
InlelQuaI block Igck ~ B CBFCH
Volatile protect bit O=protect 1=unprotect 9BH:98H 10 (0]0]
default protect status
Secured OTP 0=not support 1=support 11 1b
Read Lock 0=not support 1=support 12 Ob
Permanent Lock 0=not support 1=support 13 Ob
Unused 15:14 11b
Unused 31:16 FFFFH FFFFH
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Table 7.3.11.d. Parameter Table (2): JEDEC 4-byte Address Instruction Parameter Header and

Table

Description Comment 'gﬁg}l) (DB\?t/)Add Data Data

Support for (1-1-1) READ Command, 0: Not supported 0 1b

Instruction=13h 1: Supported

Support for (1-1-1) FAST_READ 0: Not supported 1 1b

Command, Instruction=0Ch 1: Supported

Support for (1-1-2) FAST_READ 0: Not supported ° 1b

Command, Instruction=3Ch 1: Supported

Support for (1-2-2) FAST_READ 0: Not supported 3 1b

Command, Instruction=BCh 1: Supported COH FEH

Support for (1-1-4) FAST_READ 0: Not supported 4 1b

Command, Instruction=6Ch 1: Supported

Support for (1-4-4) FAST_READ 0: Not supported 5 1b

Command, Instruction=ECh 1: Supported

Support for (1-1-1) Page Program 0: Not supported 6 1b

Command, Instruction=12h 1: Supported

Support for (1-1-4) Page Program 0: Not supported 7 1b

Command, Instruction=34h 1: Supported

Support for (1-4-4) Page Program 0: Not supported 8 Ob

Command, Instruction=3Eh 1: Supported

Support for Erase Command — Type 1 0: Not supported 9 1b

size, Instruction lookup in next Dword 1: Supported

Support for Erase Command — Type 2 0: Not supported 10 1b

size, Instruction lookup in next Dword 1: Supported

Support for Erase Command — Type 3 0: Not supported 1 1b

size, Instruction lookup in next Dword 1: Supported

Support for Erase Command — Type 4

sizg,plnstruction(DCh 256 kbyte g 3" ot supported C1H 12 0b 8EH
. : Supported

erase) lookup in next Dword

Support for (1-1-1) DTR_Read .

Command, Instruction=0Eh(Boya OEh | 3 gﬁ;ggftzg”ed 13 0b

is for DTR wrap read, quadio) )

Support for (1-2-2) DTR_Read 0: Not supported 14 Ob

Command, Instruction=BEh 1: Supported

Support for (1-4-4) DTR_Read 0: Not supported 15 1b

Command, Instruction=EEh 1: Supported

Support for volatile individual sector 0: Not supported 16 ob

lock Read command, Instruction=EOh 1: Supported

Support for volatile individual sector 0: Not supported 17 ob

lock Write command, Instruction=E1h 1: Supported

Support for non-volatile individual .

sector lock read command, (1): gﬁ;;gf@gﬂed 18 Ob

Instruction=E2h )

Support for non-volatile individual

sector lock write command, 0: Not supported 19 ob

Instruction=E3h(Boya E3h is for oct 1: Supported C2H 00H

read)

Support for (1-1-8) FAST_READ 0: Not supported 20 ob

Command, Instruction=7Ch 1: Supported

Support for (1-8-8) FAST_READ 0: Not supported 21 Ob

Command, Instruction=CCh 1: Supported

Support for (1-8-8) DTR_READ 0: Not supported 29 ob

Command, Instruction=FDh 1: Supported

Support for (1-1-8) Page Program 0: Not supported 23 ob

Command, Instruction=84h 1: Supported

Support for (1-8-8) Page Program 0: Not supported 24 ob

Command, Instruction=8Eh 1: Supported C3H FEH

Reserved 31:25 all 1’s

nstruction for Erase Type 1 C4H 7:0 21H 21H

Instruction for Erase Type 2 C5H 15:8 5CH 5CH

Instruction for Erase Type 3 C6H 23:16 DCH DCH

Instruction for Erase Type 4(DCh 256 C7H 3124 FFH FFH

kbyte erase)
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7.4 Program and Erase Instructions
7.41 Page Program (02H)

The Page Program instruction is for programming the memory. A Write Enable instruction must
previously have been executed to set the Write Enable Latch bit before sending the Page Program
instruction.

See Figure 125-Figure 128, the Page Program instruction is entered by driving /CS Low, followed
by the instruction code, 3-byte address and at least one data byte on Sl. If the 8 least significant
address bits (A7-A0) are not all zero, all transmitted data that goes beyond the end of the current
page are programmed from the start address of the same page (from the address whose 8 least
significant bits (A7-A0) are all zero). /CS must be driven low for the entire duration of the sequence.
The Page Program instruction sequence: /CS goes low-> sending Page Program instruction
->3-byte/4-byte address on Sl ->at least 1 byte data on SI-> /CS goes high.

If more than 256 bytes are sent to the device, previously latched data are discarded and the last
256 data bytes are guaranteed to be programmed correctly within the same page. If less than 256
data bytes are sent to device, they are correctly programmed at the requested addresses without
having any effects on the other bytes of the same page. /CS must be driven high after the eighth
bit of the last data byte has been latched in; otherwise the Page Program instruction is not
executed.

As soon as /CS is driven high, the self-timed Page Program cycle (whose duration is tPP) is
initiated. While the Page Program cycle is in progress, the Status Register may be read to check
the value of the Write in Progress (WIP) bit. The Write in Progress (WIP) bit is 1 during the
self-timed Page Program cycle, and is 0 when it is completed. At some unspecified time before the
cycle is completed, the Write Enable Latch bit is reset.

A Page Program instruction applied to a page which is protected by the Block Protect (BP4, BP3,
BP2, BP1, BPO0) bits. Individual Block/Sector Lock bit are not executed.

Figure 125. Page Program Sequence Diagram (SPI Mode/3-Byte Address Mode)

/CS -
Mode3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39

scik moado| [ LI LU LTI UL T LU L

44— Instruction —— pl¢———— 24-Bit Address ————P¢———— DataByte | ———P|

st //IX 02H D= (KX XEXIKEXIKD>

MSB

/CS
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 2072 2073 2074 2075 2076 2077 2078 2079 Mode 3

S Ni Data Byte2 ———)¢———— DataByte3 ————)| X Data Byte 256 o
st 6600000060000@0 09000000[
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Figure 126. Page Program Sequence Diagram (SPl Mode/4-Byte Address Mode)

/CS

Mode3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 43 44 45 46 47

scik moaeo! || L[ LI LT LTI LT ]

44— Instruction —— pl¢————— 32-Bit Address ——pP—————— Data Byte 1 4N

. 5308 - DD T DDA

MSB

/CS
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 2080 2081 2082 2083 2084 2085 2086 20s7Mode 3

sex JU U UUUUUUUUUUULL TUUU U UL U Mdeo

4—— DataByte2 ———p¢——— DataByte 3 > K« Data Byte 256 —— M
S1 090000000900000 009000000[[

Figure 127. Page Program Sequence Diagram (QPI Mode/3-Byte Address Mode)

/CS
11 12 13 516 517 518 519 Mode 3
L Mode 0

Instruction . )

“om 1 A23-16 A15-8 : AT-0 Byte 1 : Byte 2 Bvte 3 Byte 255 | Byte 256
AN OO 0000 00 00 OC N0 00 VI
SO ——F1 ;

o PAIRERIAEAL (XX EX XX

/Wp

o DO 00 060000000000V
e AITANIIN OO PO DO N6 00 DE DD/

VSB ! MSB VSB ! VSB MSB MSB VSB

/CS

516 517 518 519  Mode 3

Instruction ' ' ' ' ' ' | '
o As2a |oA2316 | A58 | A7T0 | Bytel | Byte2 | | Byte 255 | Byte 256

/HOLD
(103)

MSB | WSB | MSB | MSB | MSB | MsB i ! MSB | NSB
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7.4.2 Page Program with 4-Byte Address (12H)

The Page Program with 4-Byte Address instruction is similar to the Page Program instruction
except that it requires 32-bit address instead of 24-bit address. No matter the device is operating
in 3-Byte Address Mode or 4-byte Address Mode, the Page Program with 4-Byte Address
instruction will always require 32- bit address to access the entire 256Mb memory.

Figure 129. Page Program with 4-Byte Address (SPl Mode)

/CS
Mode3 0 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 43 44 45 46 47
seik modelo| L] LI L L L L L Ll .
[¢——— Instruction ———)¢———— 32-Bit Address ——Pp———— Data Byte | —
I 12H SDRDRY- XXX XTI X3 XXX~
MSB MSB
/CS

49 50 51 52 53 54 55 57 58 59 60 61 62 63 2080 2081 2082 2083 2084 2085 2086 2087Mode 3
s U LU A A U A ﬂﬂ_ﬂ_ﬂ_l_l_ﬂ_ﬂfw

¢ DataByte2 ————P¢———— DataByte3 ———) ——— Data Byte 256
ST XXX 32X DX XXX XX XX~ 00900000”[[

MSB MSB MSB

Figure 130. Page Program with 4-Byte Address (QPI Mode)

/CS
Mgglg} 0 1 2 3 4 5 6 7 8 9 10 11 518 519 Mode 3
SCLK MMMW ,,,,,,,, | [] [ vodeo

A31-24 A7-0 wData byte 1 Data byte 256

M4 G000 000000/

B 8 Se00eanat0 o0,

A23-16 } A15-8

w0 @«M»oo oo ~~~~~~ X

fi TG OO0 OO OO DT

! MSB
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7.4.3 Quad Page Program (32H)

The Quad Page Program instruction is for programming the memory using for pins: 100, 101, 102
and 103. To use Quad Page Program the Quad enable in status register Bit9 must be set (QE=1).
A Write Enable instruction must previously have been executed to set the Write Enable Latch bit
before sending the Page Program instruction. The Quad Page Program instruction is entered by
driving /CS Low, followed by the instruction code (32H), three address bytes and at least one data
byte on 10 pins. The Quad Enable bit (QE) of Status Register must be set to enable.

The instruction sequence is shown in Figure 131-Figure 132. If more than 256 bytes are sent to
the device, previously latched data are discarded and the last 256 data bytes are guaranteed to be
programmed correctly within the same page. If less than 256 data bytes are sent to device, they
are correctly programmed at the requested addresses without having any effects on the other
bytes of the same page. /CS must be driven high after the eighth bit of the last data byte has been
latched in; otherwise the Quad Page Program instruction is not executed.

As soon as /CS is driven high, the self-timed Quad Page Program cycle (whose duration is tPP) is
initiated. While the Quad Page Program cycle is in progress, the Status Register may be read to
check the value of the Write in Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Quad Page Program cycle, and is 0 when it is completed. At some unspecified time
before the cycle is completed, the Write Enable Latch bit is reset. A Quad Page Program
instruction applied to a page which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0)
bits is not executed

Figure 131. Quad Page Program Sequence Diagram (SPI Mode only/3-Byte Address Mode)

/CS
ModeOO 1 2 3 4 5 6 7 8 30 31 32 33 34 35 36 37 38 39

""""

SI
(100)

SO
o1

WP
(102)

HOLD High 7

(103) K7 X3 : ‘
IMSB ~ MSB ~ IMSB _ IMSB |
' Bytel ' Byte2 ' Byte3 ' Byte4 '
/cs /_g

40 41 42 43 44 45 46 47 48 535 536 537 538 539 540 541 542 543 Mode 0
SCLK 7

aon s 0609000
o) 90666@69

High 7

e ooooeoo ? OGO

MSB _ IMSB _ MS i IMSB MSB M
B\ le 5 Byte6 ' Byte7 Byu, 8 Byte 253 Byle 254 Byte 255 Bylc 256
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Figure 132. Quad Page Program Sequence Diagram (SPI Mode only/4-Byte Address Mode)

/CS

Mgdgl 00
SCLK Mode3

|€—— — Instruction

1 2 3 4 5 6 7 8

MSB

38 39 40 41 42 43 44 45 46 47

vodd3 [ [ [ LT LU LU
— Ins —— P €—— 32-bits address
a0 a2 DG~ 1060600 00

M)O@ 06060,
ﬁ>60606060
am4NMNNNMMK

%ﬁ@@@@@@@&

IMSB
Byte 5  Byte 6 Byle 7 Byle 8

so High 7 |

aon ,50609090

WP High Z '

109 e 0666960
|

HOLD High Z !

0% .79060900
MSB 7 MSB
+ Bytel = Byte2 Byu,} Bvle4

/CS

48 49 50 5] 52 53 54 55 56 545 546 545 546 547 548 549 550 551 _ Mode 0 _
SCLK F [ Mode 3

High 7

f50606060 '

0000 COCEEE

High 7

4hooooooo —

© MSB IMSB MSB IMSB
Byte 253'Byte 254 Byte 255'Byte 25()

30006060 =
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7.4.4 Quad Input Page Program with 4-Byte Address (34H)

The Quad Input Page Program with 4-Byte Address instruction is similar to the Quad Input Page
Program instruction except that it requires 32-bit address instead of 24-bit address. No matter the
device is operating in 3-Byte Address Mode or 4-byte Address Mode, the Quad Input Page
Program with 4-Byte Address instruction will always require 32-bit address to access the entire
256Mb memory. The Quad Enable bit (QE) of Status Register must be set to enable.

Figure 133. Quad Page Program with 4-Byte Address Sequence Diagram (SPI Mode only)

/CS

Mode0O 1 2 3 4 5 6 7 8 38 39 40 41 42 43 44 45 46 47
scek Modd3[ | [LTLTLT UL LWL

vode3[ [ [ LTI L LTI L
|€—— — Instruction ——Pp| —— 32-bits address
(1810) o R ! 000606 oo

@ R 00.00.0000
P - poooooea
o e ? 90000000

M IMSB = |MSB_ |MSB |
. Bytcl Byte2  Byte3 Byte4

/CS

SCLK

aon 60 06060

$>oooooooo
M>eeoeoeoa

%%0600&9&9

’ I
Byte5  Byte6 Byte7 Byte$8 Byte 253 'Byte 254 Byte 255 Byte 256

48 49 50 51 52 53 54 55 56 345 546 545 546 547 548 549 550 551 Mode 0
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7.4.5 Sector Erase (20H)

The Sector Erase instruction is for erasing the all data of the chosen sector. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The Sector
Erase instruction is entered by driving /CS low, followed by the instruction code, and 3-address
byte on Sl. Any address inside the sector is a valid address for the Sector Erase instruction. /CS
must be driven low for the entire duration of the sequence.

See Figure 134-Figure 137, The Sector Erase instruction sequence: /CS goes low-> sending
Sector Erase instruction-> 3-byte/4-byte address on Sl ->/CS goes high. /CS must be driven high
after the eighth bit of the last address byte has been latched in; otherwise the Sector Erase
instruction is not executed. As soon as /CS is driven high, the self-timed Sector Erase cycle
(whose duration is tSE) is initiated. While the Sector Erase cycle is in progress, the Status
Register may be read to check the value of the Write in Progress (WIP) bit. The Write in Progress
(WIP) bit is 1 during the self-timed Sector Erase cycle, and is 0 when it is completed. At some
unspecified time before the cycle is completed, the Write Enable Latch bit is reset. A Sector Erase
instruction applied to a sector which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0)
bits is not executed.

Figure 134. Sector Erase Sequence Diagram (SPI Mode/3-Byte Address Mode)

/CS

Mode30 1 2 3 4 56 7 8 9 2930 31Mode3

SCLK Mode0 Mode 0
i¢—— Instruction —pl¢- 24-Bit Address —

st /X 20H )--~< XXX []]

MSB

Figure 135. Sector Erase Sequence Diagram (SPI Mode/4-Byte Address Mode)

/CS —\
Mode30 1 2 3 4 5 6 7 8 9 3738 39Mode3
SCLK Mode!0 Mode 0
[—— Instruction —Ppi¢- 32-Bit Address —p|
U J/1/ X 20H )SDRO---CDXXOX] /]

MSB
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Figure 136. Sector Erase Sequence Diagram (QPI Mode/3-Byte Address Mode)

/CS

<R 42316 | A58 AT-0
RV LYY SV SO Vs
SO /, VAV /,/ \ —\ ///ﬁ\ ﬁ\\ /—\\ \\/ SN T / 7
aoy /S N A XX XX XX S
(102) S \ @%\3/ i/\/\i/ i/uz\ v f/
/HOLD ﬁ—/'—/*\\ \ I\ 1//—\ VaraN /7\\ e\ // /,,r /,
(103) / / / / N\ @/\\ i /\ \i/%\\ i ) \i/%\i S S S S
MSB MSB MSB

Mode 3 0 1 2 3 4 5 6 7 8 9 Mode 3

Qﬁ»\ A31-24 | A23-16

777 7\ TN\
aoo) // /S A4 A0 @Q

S0 /) W% \ NS
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7.4.6 Sector Erase with 4-Byte Address (21H)

The Sector Erase with 4-Byte Address instruction is similar to the Sector Erase instruction except
that it requires 32-bit address instead of 24-bit address. No matter the device is operating in 3-Byte
Address Mode or 4-byte Address Mode, the Sector Erase with 4-Byte Address instruction will
always require 32-bit address to access the entire 256Mb memory.

Figure 138. Sector Erase with 4-Byte Address (SPI Mode)

/CS

Mode30 1 2 3 4 5 6 7 8 9 37 38 39Mode 3

¢ Instruction ———Pp¢ 32-Bit Address —P|
st /777X 21H IS P30~ XXX/ /]

Figure 139. Sector Erase with 4-Byte Address (QPI Mode)

/CS

______ il

SCLK  Mode 0|

%AM-M | A23-16 | AlIS-8 | -
wo [/ & @@ 5 /.
B 717\ BT

AN S0 D OO 74
HosP OO OO W74

MSB ‘ I ‘
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7.4.7 32KB Block Erase (52H)

The 32KB Block Erase instruction is for erasing the all data of the chosen block. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The 32KB Block
Erase instruction is entered by driving /CS low, followed by the instruction code, and 3-byte/4-byte
address on Sl. Any address inside the block is a valid address for the 32KB Block Erase
instruction. /CS must be driven low for the entire duration of the sequence.

See Figure 140-Figure 143, the 32KB Block Erase instruction sequence: /CS goes low ->sending
32KB Block Erase instruction ->3-byte/4-byte address on Sl ->/CS goes high. /CS must be driven
high after the eighth bit of the last address byte has been latched in; otherwise the 32KB Block
Erase instruction is not executed. As soon as /CS is driven high, the self-timed Block Erase cycle
(whose duration is tBE) is initiated. While the Block Erase cycle is in progress, the Status Register
may be read to check the value of the Write in Progress (WIP) bit. The Write In Progress (WIP) bit
is 1 during the self-timed Block Erase cycle, and is 0 when it is completed. At some unspecified
time before the cycle is completed, the Write Enable Latch bit is reset. A 32KB Block Erase
instruction applied to a block which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0)
bits is not executed.

Figure 140. 32KB Block Erase Sequence Diagram (SPl Mode/3-Byte Address Mode)

/CS —\ Yo
Mode30 1 2 3 4 5 6 7 8 9 2930 31 Mode3
scLk Modelo[ LT LU LU UL Mode 0
[¢—— Instruction ——Pl¢- 24-Bit Address P
st /[ X 52H )1\%]?@— XXX/ //]

Figure 141. 32KB Block Erase Sequence Diagram (SPl Mode/4-Byte Address Mode)

/CS —\ Vo
Mode 3 0 2 3 4 5 6 7 8 37 38 39 Mode 3
CLKMod_|0||||| [T UL _ TH L Tivode 0
|{— Instruction ——Pl¢ 32-Bit Address —}|
St IH/X 52H XXX/ /]

MSB
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/3-Byte Address Mode)

M A23-16 | A15-8
N\
\JC%JCXU

(IS(?I) [/ \ /% 1\@&/
/WP ; 6
(102) / / // QL\/ / 2

0O 00

MSB MSB

/CS )
\\ /
,,,,,, Mode 3 0 1 2 3 4 5 6 7 Mode 3
OK w0 ||| L[

A7-0

OOV
X7

D00 M

MSB

Figure 143. 32KB Block Erase Sequence Diagram (QPI Mode/4-Byte Address Mode)
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7.4.8 32KB Block Erase with 4-Byte Address (5CH)

The 32KB Block Erase with 4-Byte Address instruction is similar to the 32KB Block Erase
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the 32KB Block Erase with 4-Byte
Address instruction will always require 32-bit address to access the entire 256Mb memory.

Figure 144. 32KB Block Erase with 4-Byte Address (SPI Mode)

/CS

Mode30 1 2 3 4 5 6 7 8 9 37 38 39 Mode 3

¢—— Instruction ———pi¢ 32-Bit Address —|
st //1/X 5CH 0004”’

Figure 145. 32KB Block Erase with 4-Byte Address (QPI Mode)

/CS

______ ~ YRy

Odeoﬁ%‘ﬁ A31-24 | A23-16 | Al58 | B
w0 /// & @@ 2 /.
TN %0 G20 ©%0 /A

s D XD DD OO W/l
o PO O OO I

MSB ‘ I ‘
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7.49 64KB Block Erase (D8H)

The 64KB Block Erase instruction is for erasing the all data of the chosen block. A Write Enable
instruction must previously have been executed to set the Write Enable Latch bit. The 64KB Block
Erase instruction is entered by driving /CS low, followed by the instruction code, and 3-byte/4-byte
address on Sl. Any address inside the block is a valid address for the 64KB Block Erase
instruction. /CS must be driven low for the entire duration of the sequence.

See Figure 146-Figure 149, the 64KB Block Erase instruction sequence: /CS goes low sending
64KB Block Erase instruction 3-byte/4-byte address on SI /CS goes high. /CS must be driven high
after the eighth bit of the last address byte has been latched in; otherwise the 64KB Block Erase
instruction is not executed. As soon as /CS is driven high, the self-timed Block Erase cycle (whose
duration is tBE) is initiated. While the Block Erase cycle is in progress, the Status Register may be
read to check the value of the Write in Progress (WIP) bit. The Write in Progress (WIP) bit is 1
during the self-timed Block Erase cycle, and is 0 when it is completed. At some unspecified time
before the cycle is completed, the Write Enable Latch bit is reset. A 64KB Block Erase instruction
applied to a block which is protected by the Block Protect (BP4, BP3, BP2, BP1, BPO0) bits is not
executed.

Figure 146. 64KB Block Erase Sequence Diagram (SPI Mode/3-Byte Address Mode)

s —\ —
Mode30 1 2 3 4 5 6 7 8 9 2930 31 Mode3

scLk Modeo[ | [1T LTI LT LTI LT _ T LT Tvode o
|4_ Instruction — )¢~ 24-Bit Address —}|
st L/l X D8H X3XeD- <DXOXoXI[[]

MSB

Figure 147. 64KB Block Erase Sequence Diagram (SPI Mode/4-Byte Address Mode)

s —\ S
Mode30 1 2 3 4 5 6 7 8 9 3738 39 Mode3

SCLK Modelo _ Mode 0
|l Instruction —Pl¢ 32-Bit Address —P|

St //1/X D8H XXX}
MSB
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Figure 148. 64KB Block Erase Sequence Diagram (QPI Mode/3-Byte Address Mode)

Mode 3 0 1 2 3 4 5 6 7 Mode 3

Hﬁﬂig?fﬁL{ A23-16 | A15-8 | A7-0

<f§6> (4040 <::><:02%<J/74/Z/Z/7

s T e X S

/HOLD % |
(103) @@MQ@@@QZZZ

MSB

Figure 149. 64KB Block Erase Sequence Diagram (QPl Mode/4-Byte Address Mode)

Mode 3 0 1 2 3 4 ) 6 7 8 9 Mode 3

s o [

<N A31-24 | A23-16 | AL58

ST
(100)

SO
(101)

/WP
(102)

/HOLD
(103)
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7.4.10 64KB Block Erase with 4-Byte Address (DCH)

The 64KB Block Erase with 4-Byte Address instruction is similar to the 64KB Block Erase
instruction except that it requires 32-bit address instead of 24-bit address. No matter the device is
operating in 3-Byte Address Mode or 4-byte Address Mode, the 64KB Block Erase with 4-Byte
Address instruction will always require 32-bit address to access the entire 256Mb memory.

Figure 150. 64KB Block Erase with 4-Byte Address (SPI Mode)

/CS

Mode30 1 2 3 4 5 6 7 8 9 37 38 39 Mode 3

¢ Instruction ———pi¢- 32-Bit Address —P|
st //1/X DCH )SDEO--- XXX/ /]

MSB

Figure 151. 64KB Block Erase with 4-Byte Address (QPI Mode)
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7.4.11 Chip Erase (60/C7H)

The Chip Erase instruction sets all memory within the device to the erased state of all 1s (FFh). A
Write Enable instruction must be executed before the device will accept the Chip Erase Instruction
(Status Register bit WEL must equal 1). The instruction is initiated by driving the /CS pin low and
shifting the instruction code “C7h” or “60h”. The Chip Erase instruction sequence is shown in
Figure 152-Figure 153.

The /CS pin must be driven high after the eighth bit has been latched. If this is not done the Chip
Erase instruction will not be executed. After /CS is driven high, the self-timed Chip Erase
instruction will commence for a time duration of tCE. While the Chip Erase cycle is in progress, the
Read Status Register instruction may still be accessed to check the status of the WIP bit.

The WIP bit is a 1 during the Chip Erase cycle and becomes a 0 when finished and the device is
ready to accept other Instructions again. After the Chip Erase cycle has finished the Write Enable
Latch (WEL) bit in the Status Register is cleared to 0. The Chip Erase instruction is executed only
if all Block Protect (BP2, BP1, and BPO) bits are 0.The Chip Erase instruction is ignored if one or
more sectors are protected.

Figure 152. Chip Erase Sequence Diagram (SPI Mode)

/s — .
,,,,,, Mode 3
SCLK Mode 0
- Instruction >
si /777X 60 or CTH
SO High 7

Figure 153. Chip Erase Sequence Diagram (QPI Mode)

/CS

Mode 3 0 1 Mode 3

Mode 0

SCLK

Instruction

~Goi/cri ™

; /7
(100)

SO
(101)
/WP
(102)
/HOLD
(103)

7.4.12 Program/Erase Suspend (75H)

The Program/Erase Suspend instruction “75h” allows the system to interrupt a Page Program or a
Sector/32K/64K Block Erase operation (The time between the Program/Erase instruction and the
Program/Erase Suspend instruction is tPS/AES). After the program operation has entered the
suspended state, the memory array can be read except for the page being programmed. And after
the erase operation has entered the suspended state, the memory array can be read or
programed except for the sector/32kb block/64kb block being erased. Write status register
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operation can't be suspended. The Program/Erase Suspend instruction sequence is shown in
Figure 154-Figure 155.

Table 19. Readable or Erasable Area of Memory While a Program Operation is Suspended

Suspended operation Readable Region Of Memory Array
Page Program All but the Page being programmed
Page Program with 4-Byte Address All but the Page being programmed
Quad Page Program All but the Page being programmed
Quad Page Program with 4-Byte Address All but the Page being programmed

Table 20. Readable or Programmable Area of Memory While an Erase Operation is
Suspended

Suspended operation Readable Region or Programmable
Of Memory Array

Sector Erase(4KB) All but the Sector being Erased
Sector Erase with 4-Byte Address (4KB) All but the Sector being Erased

Block Erase(32KB) All but the 32kb Block being Erased
Block Erase with 4-Byte Address (32KB) All but the 32kb Block being Erased

Block Erase(64KB) All but the 64kb Block being Erased
Block Erase with 4-Byte Address (64KB) All but the 64kb Block being Erased

When the Serial NOR Flash receives the Suspend instruction, there is a latency of tPSL or tESL
before the Write Enable Latch (WEL) bit clears to “0” and the SUS2 or SUS1 sets to “1”, after
which the device is ready to accept one of the instructions listed in "Table Acceptable
Instructions During Program/Erase Suspend after tPSL/AESL" (e.g. FAST READ). Refer to " AC
Characteristics" for tPSL and tESL timings. "Table Acceptable instructions During Suspend
(tPSLAESL not required)" lists the Instructions for which the tPSL and tESL latencies do not
apply. For example, “05h”, “66h” and “99h” can be issued at any time after the Suspend
instruction.

Status Register bit 15 (SUS2) and bit 10 (SUS1) can be read to check the suspend status. The
SUS2 (Program Suspend Bit) sets to “1” when a program instruction is suspended. The SUS1
(Erase Suspend Bit) sets to “1” when an erase operation is suspended. The SUS2 or SUS1
clears to “0” when the program or erase instruction is resumed.

Table 21. Acceptable instructions During Program/Erase Suspend after tPSL/tESL

Instruction Name Instruction Suspend Type
code Program Suspend| Erase Suspend

Write Enable 06h * *
Write Disable 04h * *
Read Extended Address Register C8H * *
Write Extended Address Register C5H * *
Enter 4-Byte Address Mode B7h * *
Exit 4-Byte Address Mode E9h * *
Enter QPI Mode 38h * *
Exit QPl Mode FFh * *
Read Extended Address Register C8h * *
Read Data 03h * *
Read Data with 4-Byte Address 13h * *
Fast Read 0Bh * *
Fast Read with 4-Byte Address 0Ch * *
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- Suspend Type
Instruction Name Instruguon P P
code Program Suspend| Erase Suspend
Dual Output Fast Read 3Bh * *
Fast Read Dual Output with 4-Byte . .
3Ch
Address
Quad Output Fast Read 6Bh * *
Fast Read Quad Output with 4-Byte . .
6Ch
Address
Dual I/O Fast Read BBh * *
Fast Read Dual I/O with 4-Byte Address BCh * *
Quad I/0 Fast Read EBh * *
DTR Fast Read Quad I/O EDh * *
Fast Read Quad I/O with 4-Byte Address ECh * *
DTR Quad I/O Fast Read with 4- Byte . .
EEh
Address
Set Burst with Wrap 77h * *
Set Read Parameters COh * *
Read Mftr./Device ID 90h * *
Dual IO Read Mftr./Device ID 92h * *
Quad IO Read Mftr./Device ID 94h * *
Read JEDEC ID 9Fh * *
Read Unique ID Number 4Bh * *
Release Powen-down/Device ID ABh * *
Read Securty Registers 48h * *
Read SFDP 5Ah * *
Page Program 02h *
Page Program with 4-Byte Address 12h *
Quad Page Program 32h *
Quad Input Page Program with 4-Byte *
34h
Address
Program/Erase Resume 7Ah * *
Read Block/Sector Lock 3Dh * *

Table 22. Acceptable Instructions During Suspend (tPSL/tESL not required)

Instruction Name Instruction Suspend Type
code  |program Suspend| Erase Suspend
Read Status Register-1 05H * *
Read Status Register-2 35H * *
Read Status Register-3 15H * *
Enable Reset 66H * *
Reset Device 99H * *

tPSL: Program Suspend Latency; tESL: Erase Suspend Latency.
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Figure 154. Program/Erase Suspend Instruction Sequence (SPI Mode)

_Mode3s_ 0 1 2 3 4 5 6 7 _ T t_PbE/t_L S_Ltt Mode 3 _ _
|<— Instruction —>|
st /L X 751 XLLLLLL LSS
SO High 7

»

/Accept instructions

Figure 155. Program/Erase Suspend Instruction Sequence (QPI Mode)

/€S \ /'« 4PSL/tESL— » "
77777 Mode 3 0 1 Mode 3
SCLK  Mode 0 Mode 0
Instruction
75H
ST / // \\ / / / /,/" //' // /,/ / // //" // ey, // / /" /,/
(100) <~ / LSS S S S S S ST
/S S/ ‘\\ /,/ / / / yavi /) S/ /o // ) /
(Iso()l) /,,/x /,/ // \ // ) // /, ) /,/ // //,/ // /,/ / / /,/ y //
p / / \ // /' / y 7 / 7 7 77 / /
({ gg) / / N/ Y /,/ / / ’ / /) // Y, Y
/HOLD ) 7 7 /,, 7 /,, ) // y 7 ey 7 / Y /,, /,
(103) / ) / / /,/ / / / /,/ / / / / / /
Accept instructions
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7.4.13 Program/Erase Resume (7AH)

The Program/Erase Resume instruction “7Ah” must be written to resume the Sector or Block
Erase operation or the Page Program operation after an Program/Erase Suspend. The Resume
instruction “7AH” will be accepted by the device only if the SUS bit in the Status Register equals to
1 and the WIP bit equals to 0.

After the Resume instruction is issued the SUS bit will be cleared from 1 to 0 immediately, the WIP
bit will be set from 0 to 1 within 200 ns and the Sector or Block will complete the erase operation or
the page will complete the program operation. If the SUS bit equals to 0 or the WIP bit equals to 1,
the Resume instruction “7Ah” will be ignored by the device. The Program/Erase Resume
instruction sequence is shown in Figure 156-Figure 157.

Figure 156. Program/Erase Resume Instruction Sequence (SPI Mode)

/CS

SCLK  Mode 0 | Mode 0
— Instruction —————————ﬂ
/X L .

S0 High 7

Figure 157. Program/Erase Resume Instruction Sequence (QPI Mode)

/CS

SCLK

Instruction
TAH

ST
(100)

S0
(101)

/WP
(102)

/HOLD
(103)

.
Ll
Resume previously
suspended Program or
Erase
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7.5 Individual Block Memory Protection Instructions

7.5.1 Read Block/Sector Lock (3DH)

The Read Block/Sector Lock (3Dh) instruction reads the status of the Individual Block/Sector Lock
bit of a sector or block. The Read Block/Sector Lock instruction returns 00h if the Individual
Block/Sector Lock bit is “0”, indicating write-protection is disabled. The Read Block/Sector Lock
instruction returns FFh if the Individual Block/Sector Lock bit is “1”, indicating write-protection is
enabled.

The Individual Block/Sector Lock bits are volatile bits for quickly and easily enabling or disabling
write-protection to sectors and blocks. A Individual Block/Sector Lock bit is assigned to each 4KB
sector in the bottom and top 64KB of memory and to each 64KB block in the rest of the memory.
When a Individual Block/Sector Lock bit is “1”, the associated sector or block will be
write-protected, preventing any program or erase operation on the sector or block. All Individual
Block/Sector Lock bits default to “1” after power-on or reset.

See Figure 158-Figure 161, to read out the Individual Block/Sector Lock bit value of a specific
block or sector, the Read Block/Sector Lock (3Dh) instruction must be issued by driving /CS low,
shifting the instruction code “3Dh” into the Data Input (Sl or I00-103) pin on the rising edge of CLK,
followed by a 24/32-bit address. The Individual Block/Sector Lock bit value will be shifted out on
the SO or I00-103 pin at the falling edge of CLK with most significant bit (MSB) first as shown in
Figure, and then driving /CS high. Please note that if not driven /CS high, the Individual
Block/Sector Lock bit value will be repeatedly output.

Figure 158. Read Block/Sector Lock (SPI Mode/3-Byte Address Mode)

/cS
Mode 3 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 37 38 39 M{{‘{Q,
SCLKModerUJHHJH R LU L L L L [ Modeo
Instruction 7}177 24-Bit Address LB
SEY 3DH X23X(22>2D-------- G XXX\ [T
) MSB }4‘77 Data Out >
SO High 7 (7654 (302 10
MsB

Figure 159. Read Block/Sector Lock (SPI Mode/4-Byte Address Mode)

/CS

Mode 3 36 37 38 39 40 41 42 43 44 45 46 47 Mode3

SCLK Mode 0! | I EninipEnEp ARNang N LTI L L LT L [odeo
Instruction 4’{47 32-Bit Address 4u

st/ 3DH 31BOX 29— G0 ] [ 7]
Hieh 7 MSB F ~ DataOut  — >
SO s (76543210 [ ]/
MSB -
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Figure 160. Read Block/Sector Lock (QPI Mode/3-Byte Address Mode)

/CS

SCLK  Mode O‘

Instruction|
3DH > A23 16
ST

oo :

AlS 8

(o)
AN @@@0@

SO0 © Vi
(S 7ANVE ©5C 0T IO U0

Data 1
Out

Figure 161. Read Block/Sector Lock (QPI Mode/4-Byte Address Mode)

/CS

SCLK  Mode 0| \ Mode 0

}2%0;; A31-24 i A23-16 % Al15-8 % A7-0

(I(S')IO) /) ;28 @@ .

awn /) @@ & DX

wn [/ @@@600(
oy

| i+ Data
Out

D77

7.5.2 Individual Block/Sector Lock (36H)

The Individual Block/Sector Lock (36h) instruction can individually set Individual Block/Sector Lock
bits to “1”. When a Individual Block/Sector Lock bit is “1”, the associated sector or block will be
write-protected, preventing any program or erase operation on the sector or block. All Individual
Block/Sector Lock bits default to “1” after power-on or reset.

A Write Enable (06h) instruction must be executed to set the WEL bit before sending the Individual
Block/Sector Lock instruction.

See Figure 162-Figure 165, to set Individual Block/Sector Lock bit to “1”, the Individual
Block/Sector Lock (36h) instruction must be issued by driving /CS low, shifting the instruction code
“36h” into the Data Input (S| or 100-103) pin on the rising edge of CLK, followed by a 24/32-bit
address, and then driving /CS high.

Figure 162. Individual Block/Sector Lock (SPI Mode/3-Byte Address Mode)

/CS

Mode 3 1 2 3 4 5 6 17 8 9 10 28 29 30 31 Mode3
sek wogeo! || [ |11 LT LT vodeo
l———  Instruction ——— )¢ 24-Bit Address ——)

: DB DD

MSB

S0 High Z
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Figure 163. Individual Block/Sector Lock (SPI Mode/4-Byte Address Mode)

/CS

Mode 3. 1 2 3 4 5 6 7 8 9 10 36 37 38 39 Mode 3

SCLK Mode 0‘

l¢——  Instruction —— )¢ 32-Bit Address ——)

R/ S DD DX/

MSB

High Z

Figure 164. Individual Block/Sector Lock (QPI Mode/3-Byte Address Mode)

/CS

SCLK  Mode 0‘
Instruction; ! ! !

o ‘ 36H): A23-16 | Al5-8 | A7-0 |

o0 @@00”

(don) II 17 9 D

NATANE OO D OO

%%A[.<%©w0b0¢'

Figure 165. Individual Block/Sector Lock (QPI Mode/4-Byte Address Mode)

/cS
Mode 3
SCLK ModeO‘
Instruction; ! ! ! !
WAmm}Azns}Alss I AT0 |
(100) 24 X012 X4 X0/ /

& @@@@@d@&i

@% DD T OO0 S

%%AK OO OO OO I

7.5.3 Individual Block/Sector Unlock (39H)

The Individual Block/Sector Unlock (39h) instruction can individually set Individual Block/Sector
Lock bits to “0”.

A Write Enable (06h) instruction must be executed to set the WEL bit before sending the Individual
Block/Sector Unlock instruction.

See Figure 166-Figure 169, to set Individual Block/Sector Lock bit to “0”, the Individual
Block/Sector Unlock (39h) instruction must be issued by driving /CS low, shifting the instruction
code “39h” into the Data Input (Sl or 100-I03) pin on the rising edge of CLK, followed by a
24/32-bit address, and then driving /CS high.
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Figure 166. Individual Block/Sector Unlock (SPI Mode/3-Byte Address Mode)

/CS

Mode 3

SCLK Mode 0’

28 29 30 31 Mode3

l——  Instruction ——— )¢ 24-Bit Address ———P

S — R OO a

High Z

SO

Figure 167. Individual Block/Sector Unlock (SPI Mode/4-Byte Address Mode)

/CS

36 37 38 39 Mode3

SCLK Mode 0!

¢  Instruction —)¢— 32-Bit Address —— )

S S TR T — O A

High Z

SO

Figure 168. Individual Block/Sector Unlock (QPI Mode/3-Byte Address Mode)

/CS

————— hl

SCLK  Mode 0!

Instruction, !
Con” az16 | AI5-8

A70 |
|

ENIZEER <0 OO 00 S

([SOO]) Il ; 17 9 1
SVZANID 5T X0 OO i
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Figure 169. Individual Block/Sector Unlock (QPI Mode/4-Byte Address Mode)

kﬁ’i A31-24§ A23-16 i A15-8 i A7-0 i
(I(SZ)IO) II @@ > @00
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CHNVANEIY SO SO OO OO O
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7.5.4 Global Block/Sector Lock (7Eh)

The Global Block/Sector Lock (7Eh) instruction can set all Individual Block/Sector Lock bits to 1.

A Write Enable (06h) instruction must be executed to set the WEL bit before sending the Global
Block/Sector Lock instruction.

See Figure 170-Figure 171, to set all Individual Block/Sector Lock bits to “1”, the Global
Block/Sector Lock (7Eh) instruction must be issued by driving /CS low, shifting the instruction code
“7TEh” into the Data Input (SI or I00-103) pin on the rising edge of CLK, and then driving /CS high.

Figure 170. Global Block/Sector Lock (SPI Mode)

/CS

Mode3 ¢ | 2 3 4 5 6 7 Mode3

; 7177

High Z

SO

Figure 171. Global Block/Sector Lock (QPI Mode)

/CS

Mode 3 0 1 Mode 3

Instruction
7EH
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7.5.5 Global Block/Sector Unlock (98h)

The Global Block/Sector Unlock (98h) instruction can set all Individual Block/Sector Lock bits to 0.

A Write Enable (06h) instruction must be executed to set the WEL bit before sending the Global
Block/Sector Unlock instruction.

See Figure 172-Figure 173, to set all Individual Block/Sector Lock bits “0”, the Global
Block/Sector Unlock (98h) instruction must be issued by driving /CS low, shifting the instruction
code “98h” into the Data Input (SI or IO0-103) pin on the rising edge of CLK, and then driving /CS
high.

Figure 172. Global Block/Sector Unlock (SPI Mode)

/CS

Mode 3 0 1 2 3 4 5 6 7 Mode3

s JIITY XITTT]

High 7

SO

Figure 173. Global Block/Sector Unlock (QPI Mode)

/CS

SCLK Mode 0

Instruction
98H

SI
(100)

SO
(101)
/WP
(102)

/HOLD
(103)
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8. ELECTRICAL CHARACTERISTICS

8.1 Absolute Maximum Ratings

Parameter Symbol Conditions Range Unit.
Supply Voltage VCC -0.61t0 2.5 V
Voltage Applied to Any Pin VIO Relative to Ground —0.6 to VCC+0.4 V

<20nS Transient

Transient Voltage on any Pin VIOT Relative to Ground

—2.0V to VCC+2.0V| V

Storage Temperature TSTG —65 to +150 °C

8.2 Operating Ranges

Spec
Parameter Symbol Conditions Unit.
Min Max
Supply Voltage VCC 1.65 1.95 v
Temperature TA Industrial —40 | +85 °C
Operating
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8.3 Latch Up Characteristics
Parameter Min Max
Input Voltage Respect To VSS On I/O Pins -1.0V VCC+1.0V
VCC Current -100mA 100mA
8.4 Power-up and Power-Down Timing
Symbol Parameter Min Typ. Max Unit.
tVSL VCC(min) To /CS Low 2.2 ms
Vwi Write Inhibit Threshold Voltage Vwi 1.1 14 \Y
tVR VCC rise time (from 0V to VCCmin) 1 6000™M | us/V
tPWD VCC brown-out low time 300 us
Vpwbmax Maximum VCC brown-out 04 Vv
Notes:
1. 30000 ps/V at-10°C to 85°C.
Figure 174. Power-up Timing and Voltage Levels
A
BT 1T T
Chip selection is not allowed //
veemmn) ||
tVSL Device is full
Reset accessible
Vwi i

Time

\j

Figure 175. Power-Down Timing and Voltage Drop

Vece(max)

Vee(min)

VPWDMAX

Time

\j
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8.5 DC Electrical Characteristics

(T=-40C~85C, VCC=1.65~1.95V)

Symbol Parameter Test Condition Min. Typ. Max. Unit
Input Leakage
u Current 2 L
Output
ILO Leakage 12 MA
Current
Standby /CS=VCC,
ICC Current VIN=VCC or VSS 50 300 bA
DLEED /CS=VCC
ICC2 Power-Down VIN=VCC or VSS 3 50 MA
Current
SCLK=0.1VCC/
0.9VCC, at
. 120MHz,Q=Open(*1,*,2"4 19 3 | mA
Operating
ICC3 Current: LS
’ SCLK=0.1VCC/
(Read)
0.9VCC, at 12 20 mA
80MHz,Q=0Open(*1,*,2*4
I/10)
Operating
ICC4 Current(Page /CS=VCC 6 15 mA
Program)
Operating
ICC5 Current(WRSR /CS=VCC 8 20 mA
)
Operating
ICC6 Current(Sector /CS=VCC 8 20 mA
Erase)
Operating
ICC7 Current(Block /CS=VCC 8 20 mA
Erase)
Operating
ICC8 Current (Chip /CS=VCC 8 20 mA
Erase)
VIL s ey 05 0.2vee | v
Voltage
VIH IS I 0.8VCC VCC+04 | V
Voltage
VoL O‘i‘}p“t — IOL =100pA 0.4 v
oltage
voH | Ouieut High IOH =-100pA VCC-0.2 v
oltage
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8.6 AC Measurement Conditions

Symbol Parameter Min | Tpy. | Max Unit. Conditions
CL Load Capacitance 30 pF
TR, TF Input Rise And Fall time 5 ns
VIN Input Pause Voltage 0.2VCC to 0.8VCC \Y
IN Input Timing Reference Voltage 0.5vVCC \Y
Output Timing Reference
ouT Voltage 0.5vVCC Y,
Figure 176. AC Measurement I/O Waveform
Input Timing Output Timing
Input Levels Reference Levels Reference Levels
0.8VCC
0.5vVCC 0.5vCC
0.2vCC

8.7 AC Electrical Characteristics

Syor:1b Parameter Min. | Typ. | Max. | Unit.
Fc Clock frequency for all instructions, except Read Array 166 | MHz
Instruction
Clock frequency for Read Array instructions (0BH, OCH,
FR | 3BH, 3CH, 6BH, 6CH, OCH) 1ee | WA
Please refer to
E Clock frequency for Read Array instructions (BBH, BCH, | DC1/DCO0 bit and Set MHz
R | EBH, ECH) Read Parameters
(COH)
Please refer to
Fr | Clock freq. for DTR instructions (EDH, EEH, OEH) LICIC e TS|
Read Parameters
(COH)
fR Clock freq. for Read Array instructions (03H, 13H) DC. 80 MHz
45%(
tCLH Serial Clock High Time 1/FC ns
)
45%(
tCLL Serial Clock Low Time 1/FC ns
)
tCLCH | Serial Clock Rise Time (Slew Rate) 0.1 V/ns
tCHCL | Serial Clock Fall Time (Slew Rate) 0.1 V/ns
tSLCH | /CS Active Setup Time 5 ns
tCHSH | /CS Active Hold Time 5 ns
tSHCH | /CS Not Active Setup Time 5 ns
tCHSL | /CS Not Active Hold Time 5 ns
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tSHSL | /CS High Time (read/write) 20 ns
tSHQZ | Output Disable Time 6 ns
tCLQX | Output Hold Time 0 ns
tDVCH | Data In Setup Time 1 ns
tCHDX | Data In Hold Time 1 ns
tHLCH | /Hold Low Setup Time (relative to Clock) 5 ns
tHHCH | /Hold High Setup Time (relative to Clock) 5 ns
tCHHL | /Hold High Hold Time (relative to Clock) 5 ns
tCHHH | /Hold Low Hold Time (relative to Clock) 5 ns
tHLQZ | /Hold Low To High-Z Output 6 ns
tHHQX | /Hold Low To Low-Z Output 6 ns
Clock Low To Output Valid (C.=30pF) 7 ns
tcLQv
Clock Low To Output Valid (C.=10pF) 5 ns
tWHSL | Write Protect Setup Time Before /CS Low 20 ns
tQSvV Clock transient to DQS valid time Align to tCLQV ns
tDQSQ | SIO Valid Skew Related to DQS (SOP16,BGA24, 12pF) 0.6 ns
tQHS SIO Hold Skew Factor (SOP16, BGA24,12pF) 0.6 ns
tSHWL | Write Protect Hold Time After /CS High 100 ns
tDP /CS High To Deep Power-Down Mode 1 hS
{RES1 /Sci;gsnatilrgehRe-le;c:j Standby Mode Without Electronic 5 us
{RES? /RCS High To Standby Mode With Electronic Signature o5 us
ead
tESL Erase Suspend Latency® 50 us
tPSL Program Suspend Latency® 40 us
{PRS ;ﬁmse;ecr)]/dmbetween Program Resume and next 03 100 us
tERS Latency between Erase Resume and next Suspend® 0.3 100 us
/CS High To Next Instruction After Reset in 1 us
standby/read
/CS High To Next Instruction After Reset in 50 us
tRST program/DeepPower-Down
/CS High To Next Instruction After Reset in erase 10 ms
/CS High To Next Instruction After Reset in write SR Align to tW ms
tw Write Status Register Cycle Time 2 30@ | ms
tBP1 Byte Program Time (First Byte) () 60 400 us
tBP2 Additional Byte Program Time (After First Byte) ? 5 12 us
tPP Page Programming Time 0.3 24 ms
tSE Sector Erase Time 30 300 ms
1600
tBE Block Erase Time(32K Bytes/64K Bytes) 70/110 /280 ms
tCE Chip Erase Time(Single Die BY25FQ256) 50 200 S

Notes:
1. Tested with clock frequency lower than 50 MHz.
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For multiple bytes after first byte within a page, tBPn = tBP1 + tBP2 * N, where N is the

number of bytes programmed.

Latency time is required to complete Erase/Program Suspend operation until WIP bit is "0".
For tPRS, minimum timing must be observed before issuing the next program suspend instr

uction. However, a period equal to or longer than the typical timing is required in order for th

e program operation to make progress.

For tERS, minimum timing must be observed before issuing the next erase suspend instruct

ion. However, a period equal to or longer than the typical timing is required in order for the e

rase operation to make progress.

Figure 177. Serial input Timing

tSHSL
777777 tSHCH \;
tCHSH
\ VRN 2 U N e N 7
AN \4/
tCLCH tCHCL
,,,,,,,,,,,,, — /
. Highz
Figure 178. Output Timing
ecs — /00— «CH »‘ € tSHQZ
SCLK -~ o~y =] = | e
tCL )
tcLQv 7 tcLQv -
tCLQX tCLQX tQLQH
SO —r LSB
_____________ >t taHaL
. X

Figure 179. Hold Timing

/CS

tCHHL

SCLK

tHLQZ _|

SO

/HOLD

Figure 180. /WP Timing

/ICS +
tWHSL—fa—»

/WP / N
S s S I I I N N s TULU U UL
o X X X

Write Status Register is allowed

Write Status Register is not allowed
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Figure 181. DQS Output Timing (DTR, Disable Default)

<— tSHQZ

Figure 182. DQS Output Timing (STR, Disable Default)
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SCLK Feen —
/ W/
QSV
o
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9.1 Package 16-Pin SOP16 300mil
F | B | - ; :
) | A3 ! [ A
il_._n I F :_'.;‘ —7 A2 A P ‘ N 0.25
f bé L,
Al B
o
S )
=5
N clc¢
BASE METAL | '
1 H H = R i e !
H H ’:1 H 1 ]'H__ WITH PLATING
| I SECTION B-B
| El E
. ||
1 T T T T 1 \
NI
c[gjg I 1, | !
G
B B | - =—h
Dimensions
Symbol Al At | Aa|Aa3]| b | b1 c | e D* E | E1* e L L1 0
Unit
Min - 0.10 | 2.05 | 0.97 | 0.31 0.34 | 0.25 | 0.24 | 10.20 | 10.10 | 7.40 0.55 0°
mm | Nom - - 2.30 | 1.02 - 0.37 - 0.25 | 10.30 | 10.30 | 7.50 | 1.27BSC - 1.40REF -
Max | 265 | 0.30 | 2.35 | 1.07 | 0.51 040 | 0.29 | 0.26 | 10.40 | 10.50 | 7.60 0.85 8°
Note:
1. *D This size does not include burrs.
2. *E1 This size does not include burrs.
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9.2Package 8-Pad WSONS8 6*8mm
D Nd
8 | Ibl
\ ] U O \ U Q
| | | D2
| |
| | L
‘ e
L f |
/ | |
‘ || OO ‘ O @G 1=
1 2 ! EXPOSED THER'_\Li;_-". — —'m'_b
TOP VIEW . BOTTOM VIEW
| ]
) SIDE VIEW =
Dimensions
Symbol AlAt] b b1 c D Nd e E |p2|E2| L | n
Unit
Min [085| 0 |[0.35 0.18 | 5.90 7.90 | 4.20 [ 3.30 | 0.45 | 0.30
mm | Nom [ 0.90 | 0.02 | 0.40 | 0.25REF | 0.203 | 6.00 | 3.81BSC | 1.27BSC | 8.00 | 4.30 | 3.40 | 0.50 | 0.35
Max | 0.95|0.05 | 0.45 0.25 | 6.10 8.10 | 4.40 [ 3.50 | 0.55 | 0.40
Note:

1. The exposed metal pad area on the bottom of the package is floating.
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9.3 Package TFBGA6*8mm-24BALL (5x5 ball array)

Oyjoon|B =
e i —r{@}@
rvalcomer—,| | 2 B 4 5

LZ =8

DETAIL B
X’/
=l

, L

i

7% K

0 &—
&--— 1w [

;

bl

a

i

Mo P m
|
(O]
—t— -

£
D
£

o 0

T
L

|
|
|
—.—..i ...... i [:ﬂ =
|
|
|
i

2 aoalA o

i

TOP WIEW BOTTOM VIEW

-

PiN | CORKER

DETAIL A—\ [ J-Aj [ b
: '_ E.kreﬁ
TN | 1 | h A

— -
A 45]2 |
SEATIG PUANE r\'\—_tf;;&i 1;.'—-1::‘_—"&_1- —-——'— _T. | B
S A _SEATMG PLAME i
N . 24K¢bj
i 24% | [ddd|C E
Sha b DETAIL A2 DETAIL Bd:1
Dimensions
Symbol
A A1 A2 A3 c D D1 E E1 e b L1 L2 aaa ccc ddd eee fff
Unit
Min 1.02 | 025 | 0.75 | 0.55 | 017 | 790 | 3.90 | 5.90 | 3.90 0.35
1.00 0.80 | 1.80
N 1.10 | 0.30 - 0.60 - 8.00 | 4.00 | 6.00 | 4.00 0.40
mm om BASIC REF | REF 0.10 | 0.20 | 0.12 | 0.15 | 0.08
Max 120 | 0.35 | 093 | 065 | 0.25 | 810 | 410 | 6.10 | 4.10 0.45
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Packing Type
T:Tube
R:Tape&Reel

Green Code
G:Pb Free & Halogen Free Green Package
P:Pb Free & Halogen Free Green Package +

Power Meter Application

Temperature Range
C:Commercial(-40°C to +85°C)
I:Industrial(-40°C to +85°C)

Package Type
F:SOP16 300mil
E:WSONB8 6*8mm

Z:TFBGAG*8mm-24BALL (5x5 ball array)

Voltage
S:3Vv
L:1.8V

Generation
E Version

Density
M1G:1Gbit
256:256Mbit

128:128Mbit

Product Family
25FQ: 133MHz SPI Interface Flash

BY25FQM1GEL
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10.1 Valid part Numbers and Top Side Marking

The following table provides the valid part numbers for BY25FQM1GEL SPI Flash Memory. Pls

contact BY Technology for specific availability by density and package type.

For consumer and industry application (-40C~+85C):

QA-DT-174
Rev. 1.2

Package Type Density Product Number Top Side Marking
F BYT
SOP16 300mil 1G-bit BY25FQM1GELFIG 25FQM1$\E(\I7\IIZ\;\?
E |
WSONS 6*8mm 1G-bit | BY25FQM1GELEIG 25FQM1GELEIG
YYWW
z
TFBGA6*8mm-24BALL 1G-bit BY25FQM1GELZIG 25FQM1GELZIG
(5x5 ball array) YYWW

10.2 Minimum Packing Quantity (MPQ)

Packing Qty for 1 Vacuum bag/
Package Type Type Tube or Reel Inner Box MPQ
Tube 44ealTube 80Tubes/Bag 3,520
1Bag/InnerBox
SOP16 300mil Tane&Rool
ape&Ree
(13inch, | 1500ea/Reel 1Reel/Bag 1500
1Bags/InnerBox
16mm)
. Tape&Reel 1Reel/Bag
WSONS8 6*8mm (13inch) 3000ea/Reel 1Bag/InnerBox 3,000
TFBGAG6*8mm-24BALL 10+1 Trays/Bag
(5x5 ball array) Tray 187ea/Tray 1Bag/InnerBox 1870
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1. DOCUMENT CHANGE HISTORY
ORIGINATOR
REVISION CHANGE DESCRIPTION CLAUSE DATE
Xinyue Huang
1.0 Initial Report / Dongfu Yan
2025/2/18
Delete VESD .
P137 CI1.8.1 Xinyue Huang/
11 Modify tPP to 0.3ms P141 Cl.8.7
| . ; P141 Cl.8.7 2025/3/4
Modify tDQSQ/QHS unit -O.
Add TFBGA6*8mm-24BALL(5X5 ball P6-7 CI.1
array) package information E::g’g g:gg Dongfu Yan
12 Change the Dimensions "A” of WSONS8 P151 CI.10 2025/4/9
* P152
6*8mm C1.10.1&CI.10.2
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